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Preface 1 



Man has been sailing on the earth's oceans ever since 
the beginning of history, and he has been using wheeled 
vehicles on land for ahnost as lon^. But only somewhat 
less than 70 years ago he began to fly in aircraft, and 
about 15 years ago he sent spacecraft into orbit around 
the earth for the first time. 

Although space travel has be^n possible for but a 
moment in man's history, much progress has already 
been made. American astronauts, have made landings 
on the moon and have taken a powered rover with 
them to help them in their exj^loration. Spacecraft 
have been sent as probes to Venus and Mars, and 
they have sent back data about these planets, as well 
as pictures of the surface of Mai's. Other spacecraft 
have been launched to transmit information about the 
earth itself, the sun, and the regions of space between 
the planets. Still other spacecraft have been put to 
practical uses, such as in providing data for making 
weather observations, establishing communications 
across the oceans, assisting in navigation, and making 
surveys of the earth's surface. In the decade and a 
half that spacecraft have been operating, they have 
been greatly improved. These improvements are being 
continued to further increase man's knowledge and to 
make spacecraft of greater value to us in our everyday 
living. 

This book tells about some of the discoveries that 
spacecraft have made possible and about the exper- 
ience that American astronauts have had in piloting 
spacecraft. Its main purpose, however, is to explain 



the principles behind the operation of spacecraft and 
their boosters. How does the rocket booster generate 
power? What causes a spacecraft to stay in orbit? How 
can an astronaut make a so-called walk in space, and 
what difficulties does he have when he tries to work 
outside the spacecraft? These and similar questions 
are answered in this book. Although you are not ex- 
pected to understand the engineering of the intricate 
mechanisms within spacecraft and boosters, you can 
understand the basic principles behind the operation 
of the spacecraft itself and the rocket boosters that 
put it into orbit. 

If you know how a spacecraft is launched and why 
it continues in its path after it is orbited, you may be 
able to anticipate some of the discoveries that these 
launches will make possible, and you will appr^iate 
more fully'the experiences of the astronauts. When you 
know the basic principles behind space operations, 
you will be able to follow future spaceflights with 
better understanding. When you do this, questions 
may suggest themselves to you that are not now an- 
ticipated or answered in this book. 

If you cannot find a specific answer to some of your 
questions in this book, ask your aerospace instructor 
to help you. He can supply you ^ith publications of the 
National Aeronautics and Space Administration 
(NASA), or he can direct you to references in the 
library that go more deeply into the subject. 

Grateful acknowledgment is made to NASA for the 
photographs used in this book and for the latest in- 
formation on space launches. 
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What Is a Spacecraft? 



THIS CHAPTER •xplaini vjfhcrt a »pact<raft h 
and t«lfs haw pwtnt-day spacecraft difftr from 
aircraft. It consid«r». tht gr«at varUty af spac«- 
craft tn tfi«ir ^haf>», lh» mattriaU of which 
thty ar« eomtructtd, and th« pgrpowi thty 
wrvt. Ir thtn introdgcti <h» two .princfpal 
daisas of jpoqicroft: gnmonntd and mdnntA, 
Whtn you hav« ttuditd thU chopttfr yog 
shouTd bo obto to do^lht following: (1) dofint 
a »pacocraft, (2) t«II t)»rto woyt |n which tp<x<i9' 
,,«qft.5lifftrjrajnair^ 
craft 9tf th«lr powt7 of launch, artJl4) nomt 
,tht two lorgt dosm of ipococrtift. 



A spacecraft is any craft, or ship, that is 
designed to operate in space. Experi- 
mental aircraft might be called spacecraft 
because they have reached the fringes oi 
space. The long-nosed X-15, which was 
used for performing valuable experiments, 
flew to altitudes of 50 miles or more, and 
the US Government recognized pilots who 
reached these altitudes b> awarding them the 
rating of astronaut. Sounding rockets, which 
carry instruments for conducting experi- 
ments in the upper atmosphere and space, 
may go higher than the X-15 did and even 
higher than the altitudes at which some arti 
ficial satellites have orbited. Sounding rock- 
ets, however, travel in an arc and then fall 
back to the earth. 




SPACECRAFT AND THEIR ROOSTERS 

Experimental aircraft and sounding rockets have been valuable 
in preparing the way for space travel, but they were not designed to 
remain aloft and travel in space. Aircraft with rocket engines ^vere 
slowly developing into spacech^ft, but the process of transformation 
may have taken centuries to toirfplete. Man took a shortcut by 
developing rocket boosters that would take first his instrument 
packages and then himself into space. In this book we are not con- 
cerned with experimental aircraft or sounding rockets, only with 
spacecraft especially designed to travel in space. Such spacecraft are 
launched into orbit by rocket boosters. 

The next two chapters explain the way in which a spacecraft 
is launched from the earth and put into orbit and describe the 
forces that cause it to continue to travel along an invisible curved 
track, or orbit. After a spacecraft is launched into an orbit, it 
continues to travel in its orbit, much as the celestial bodies like 
the earth and the other planets travel in their orbits around the 
sun (Fig. 1). Since spacecraft are confined to travel in an orbit. 





Ofbitsot PUnets 



Figur. 1 ORBIT OF SPACECRAFT AND ORBITS OF PL7SNETS A spoc.croft lounchvd 
into o high eorth orbit contmuts to trovel \xi this orbit. It follows tht somt tows of 
cvlestiol mtchonics os do tht plontts in thtir orbits oround tht sun. 



WHAT IS A SPACECRAFT 




Figure 2 DIFFERENT SHAPES OF SPACECRAFT. Spacecraft do not have streamlined 
forms and wings Ilk* aircraft. They are designed in many different shapes. Each 
spacecraft shown above carries a different poyload and performs a different kind 

of mission. 

their movement might be compared with that of vehicles on earth 
that go along a track, such as trains and trolley cars. To change 
its direction of travel, a spacecraft must be transferred from one 
orbit to another, much as trains or trolley cars must be switched 
from one track to another in order to change direction. At the 
present stage of space travel, spacecraft follow set orbits, or tracks, 
through space. They do not take off horizontally , and maneuver 
in their flight through the atmosphere, as aircraft do. 

Since spacecraft do not depend upon aerodynamic forces for 
lift, they are not constructed with wings or other airfoils and 
streamlined surfaces as aircraft are. Instead they are designed in 
shapes that best enable them to perform their mission in space 
(Fig. 2). Spacecraft can l?e cylinders, cones, globes, or many- 
sided, structures, or they can be shaped like a bell or a windmill. 
To help protect them against atmospheric drag, spacecraft usually 
have a shroud, or cover. Further, bulky appendages — such as an- 
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SPACECRAFT AND THEIR BOOSTERS 

tennas, paddle wheels carrying solar cells, or booms for mounting 
magnetically sensitive instruments — are retracted or folded back 
during passage through the atmosphere. Once the spacecraft is in 
space and its shroud has been taken off, the appendages arc auto- 
matically unfolded and locked into position. 

Just as there is no set shape for a spacecraft, there is no pre- 
scribed size except that all spacecraft are subject to rigorous 
weight limitations. They must not exceed the weight load that 
can be lifted by the booster available for launching them. Ex- 
plorer 1, the first American satellite, weighed only about 31 
pounds. Some of the first Vanguard and Pioneer satellites 
weighed even less. As more powerful space boosters became 
available, American spacecraft were made larger and could carry 
much heavier payloads. US spacecraft have varied ia weight from 
the smallest Explorer satellite (Explorer 35) weighing only 2.2 
pounds to the large modified Apollo spacecraft, which weighs 
close to 100,000 pounds. 

The materials used in constructing spacecraft also vary widely. 
Engineers have had to exercise ingenuity in finding materials 
suitable for use in spacecraft, especially in the parts that are de- 
signed to survive the intense frictional heating upon reentry through 
the earth's atmosphere. Spacecraft may have an outer shell of alu- 
minum, or they may be made from steel, fiberglass or other 
plastics, or from various combinations of manmade materials. Pro- 
tective coatings are usecj. Some spacecraft have certain" areas 
painted>^lack to absorb the sun's rays (Fig. 3), thus heating the 
area, and other parts are painted a light color, thus reflecting 
the sun's rays and cooling the area. As the dark and light areas 
of the spacecraft are exposed to the sunlight in turn, Ihe inside 
of the spacecraft is alternately heated and cooled and in this way 
kept at an evea temperature. A shiny gold coating is esi^ecially 
efficient in deflecting the sun's rays. Some spacecraft have a highly 
polished surface so that they will offer the least possible resistance 
to the earth's upper atmosphere. 

The one thing that spacecraft have in common is their great 
variety— in size, shape, and the materials of which they are con- 
structed. Even though two spacecraft may belong to the same 
series and *be constructed according to the same general design, 
each spacecraft is likely to be equipped to perform a slightly 
different task. 



WHAT IS A SPACECRAFT? 




Figure 3. SPACECRAFT STRIPED TO REGULATE HEAT. Th« dark artas of t^ii* P«on«r 4 
shown above absorbed h«at, th« light artas rtfUcttd htat, Tht principal rtason for 
painting {pac«craft is to help control th« temperature Inside the. spacecraft. 

The most* marked differences between Spacecraft are found be- 
tween those that are manned — that is, carry space pilots, .or 
as^tronauts — and those that are unmanned. Chapter 4 describes 
some of the many different kinds of unmanned spacecraft. Chapter 
5 traces the advances made in constructing and navigating manned 
spacecraft and in enabling men to survive and work in space. 

Chapter 6 takes a glimpse at future spacecraft, -beginning with 
the space sfnittle and other reusable vehicles that are now being 
developed as part of the new space trarfsportatibn system. Such 
vehicles will return to the earth or to a base in space (space sta- 
tion) to be refueled and made ready for the' next fligtjf, much 
as aircraft, are now. It is challenging to the imagination to try to 
picture how the gap between aircraft and spacecraft will be 
bridged and what the new breakthroughs in spacecraft might 'be. 

Your look into the. future will have more meaning if you un- 
derstand how present-day spacecraft operate. They do not take 
off as aircraft do but are launched into space by powerful 
rocket boosters. The rocket booster \s the key to present-day 
space travel. 
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TERMS TO REMEMBER 



atmospheric drag 
shroud 
astronauts 
space ^tion 



IDEAS TO REMEMBER 



1. Spacecraft follow an orbh in space Uke that of celestial bodies, 

2. Spacecraft arc constructed in vaned sizes and shapes, and they arc made 
^f many different ^kii^ds of material. 

3. Present-day spacecraft are launched into space by rocket boosters. 



QUESTIONS 

1. What b a spacecraft? How does a spacecraft get its power at latuidi? 

2. What- !aws^;3o spacecra^^foUow hi thetr trard? 

3. Why mid the wei^ of a spacecraft be kept whMhi rigid Dmits? 

4. What is fte porpose of patthxg special paints ^Vcoatbg on spacecraft? 
Teli ttirte ways in wiikb spacecraft differ from aircraft 

6, What'are the two Urge classes of spacecraft? 



THINGS TO DO 



1. Siart a scrapbook on spacecraft and their boosters. Plan your collection 
of clippings. Decide if you will collect clippings on all US and USSR space 
launches, or if you will concentrate on either unmanned or manned 
spacecraft of both countries, or if you will collect information on US 
launches only. 

2. Fiiid a schedule of future US space launches. This will help you to be on 
^ the alert for importaqt launches. Report to the class on the most important 

launch^ to be made dunng the present calemUu, year or during the present 
plus the following year. • 

«. 

A. Fmd out something about the way the US Govcrnmeht mtoages its space 
' program. Do some research on the National Aercfeauticsf and* Space Ad 
ministration (NASA), the Space Act of \95S, and thd annual budget 
for the space program. Report to the class on your findings. 
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Rocket Boosters 



titof fawch ^ ^ p o cw uf L if ih«'*pf^pol' 

. lOquki or. ^*d':^ti9aioBi .pf0p$]Mttt^_,^astdi KoW 

future '^P9ob^.|oo^^ JI^«(^oSu 
KoVr .obcTtpitft - ominf^^' ^ -'t}i« > bb6««^ 

.^rcMMdun^^ j^f^wM) ^ krwicfr tm.. WK^ yow, 
itcn^ ift^M ihH^ dtq^f*^/. you .shooYd^Bo ,o)b^ ^ 

op »fa t my -^&>op4ty -of ibt: cocktf - -^t^^nif -0) 

iyito^SkiU jD^^g^Adm cys^ms OTC^^ two-l^iin^ 
of .conttqT' ^yftifiir ^ tfxict'^^oo^r;; 
(iQ^^kfib«::-9omfry,4ip<^^ and :cbuhfc!o>ifrn 

THE DREAM of -space travel did not 
become a realit> until man was able to 
build the powerful rocket boosters that could 
lift a spacecraft above the earth and put 
jt into orbit. In ancient times man imagined 
all sorts of means that he might use for 
traveling in space and reaching the moon, 
but these id^ were quite fanciful Man> 
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SPACECRAFT AND THEJR BOOSTERS 

developments in science and engineering had to take place 
before man could think about space travel in more practical 
terms. In modem times the stories about space travel written by 
such men as Jules Verne and H. G. Wells began to take a more 
scientific turn. Such stories helped to stimulate scientists and en- 
gineers to think about generating the tremendous amounts of 
power that would make space travel possible. 

Konstantin E. Tsiolkovsky (1857-1935), a Russian school 
teacher, said that Jules Verne's writings helped to inspire him 
with the idea that man could travel in space. Tsiolkovsky, known 
as the Father of^ace Travel, first worked out the theory and 
calculations for building liquid-fueled rockets that would be 
powerful and accurate enough to propel a vehicle into space. 

The American rocket expert Robert H. Goddard (1882- 
1945), working independently, also made calculations for build- 
ing rockets that wotild make space travel possible. He went fur- 
ther, putting the theory into practice, and therefore became known 
as the Father of Modem Rocketry. Goddard launched his first 
experimental liquid-fueled rocket from his Aunt Effie's farm near 
Auburn, Massachusetu, on 16 March 1926. His rocket rose 
to a height of only about 41 feet aiS traveled about 184 feet, 
but this was the first rocket 'of a kind that could be developed 
to go into space. 

Another pioneer rocket expert, Hermann Oberth (1894- ) 
a Hungarian-bom German, further developed the theory of using 
rockets for space travel. His book The Rocket Into Interplanetary 
Space was first published in 1923. Later, during Worid War U, 
Oberth worked with young German rocket experts who were in- 
terested iij^^ipaec travel and knew about the wntings of Goddard. 
One of/these young men was Wemher von Braun (1912- ), 
who vvould later direct the development of the American Saturn 
bookers. The tasK set for the German experts at that time was 
to/produce rocket missiles like the V-2 for military use. All the 
powers used some form of rocket missile during the war, but the 
German V-2 was the first long-range missile with a guidance sys- 
tem. 

Both the Americans and the Soviets Used the German V-2 in 
beginning the research that finally resulted in their intercontinental 
ballistic missiles. From ballistic missiles were developed the rocket 
boosters that are being u^ed for the peaceful exploration of space. 



ROCKET BOOSTERS 

Some of the boosters used are still modified ballistic missiles 
^ Later US boosters, such as the Titan III and, the Saturn boosters, 

were developed from the beginning for launching spacecraft 
A rocket booster that orbits spacecraft, or a space booster as 

♦ it is called, must generate tremendous amounts of power rapidly 
in order to counteract the gravitational pull of the earth and 
lift the spacecraft above the earth's atmosphere, and it must, 

. traveling at a precise speed, direct the spacecraft along a pathway 
that follows the curvature of the earth. A space booster must 
therefore be both tremendously powerful and highly accurate. 
This chapter tells how the basic rocket, engine has been devel- 
oped to give it the power required to reach space and how the 
rocket booster is accurately guided and controlled. The next 
chapter explains how this booster orbits spacecraft, 

PARTS OF A SPACE BOOSTER 

At the present time no single rocket engine is powerful enough 
to orbit a spacecraft, A space booster is therefore made up of 
more than one rocket engine, and each engine is inclosed within 
a separate shell, or stage. All stages qf a space booster are con- 
nected, and they must be able to work together as 'a unit. They 
begin firing, bum out, and drop away one after the other accord- 
ing to precise timing. The rocket stages for each group, or series^ 
of spacecraft are selected and put together to provide the right 
amount qf power and the performance needed for the^ task as- 
signed. 

The largest component of a rocket booster used for orbiting 
spacecraft is the propellant. This is the material that is burned to 
create the hot gases that are ejected from the shaped opening, 
or nozzle, at the aft end of the rocket to create power, or thrust. 
The propellant bums in the combusfion chamber. Rockets burn- 
ing liquid propellants need piping and pumps, together called 
plumbing, to control the flow of the propellant. The parts of 
each rocket are assembled and h§ld together by an airframe, or 
shell that protects the launch vehicle as it goes through the at- 

• mosphere. The airframe is usually constructed of a lightweight 
material containing aluminum, and it may l>e pressurized to give 
the rocket strength and rigidity. 

The rocket stages are held together with explosive bohs. These 
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Rgur* 4. PARTS OP A TWO STAGE SPACE BOOSTER. A* tht firn stag* bums out, lh« 
•xplotivt bolts ftrt. Thtn tht two stagts of th« bootftr brvok oport, and tht first stdgt 
falls away, Ntxf tht second stagt ftrts and btglns bvming. As tht second stagt bums 
ovt, H orbits tht spoetcroft. Tht airframt is a shtll for holding tht futi and axidix*r. 
Thts* art mixtd in tht combustion chambtr of tht rocktt tngmt. Tht instrumtnt unit 
makts up port of tht guidanct and control systtrh'i. 
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are fired during the flight to release the stages of the rocket and 
^ allow them to be dropped, or jettisoned, at the right time. 

The complete rocket boostej^assembly has an instrument unit, 
■ which is part of the guidance system. Different kinds of control 
elements, such as fins and movable vanes, are distributed through- 
out the rocket stages. These are all part of the control system. The 
guidance and control systems in the rocket booster, working with 
groJ^ttikS^its, keep the booster on the course planned for it. If 
the booster st^ to stray from its course, the guidance and con- 
trol systems put it back on course. 

Figure" 4 shows the principal parts of a two-stage liquid-fueled 
rocket booster. Each rocket stage is essentially a shell for contain- 
ing one or more rocket engines with their propellant. You can 
get a good idea of how even the most complicated space boosters 
work if you understand how the rocket engine operates. 



PRINCIPLE OF THE ROCKET ENGINE 

When Robert Goddard successfully launched the first liquid- 
fueled rocket in March 1926, he demonstrated that this kind of 
rocket engine could work. It took the United States and the 
Soviet Union about 30 more years to develop liquid-fueled rocket 
engines that could generate enough power to orbit spacecraft. 
One of the first breakthroughs came in developing liquid pro- 
pellants for powermg rocket engines and in making precise cal- 
culations that made such development possible. Tsiolkovsky, God- 
dard, and Oberth had a part in making this breakthrough. 

The idea of the rocket engine itself was not new when Tsiol- 
kovsky first made his calculations. The Chinese people are known 
to have constructed rockets as far back as the third century. 
These crude rockets, burning black powder, resembled oyw fu^- 
works. They could not be controlled, but they did generate some 
propulsive power. Gunpowder rockets represent the rocket enghie 
in its simplest form. They bum gunpowder (the propellant) inside 
a casing (airframe). As the gunpowder bums, it creates gases 
that' escape through an^ opening (nozzle) in the end of the rocket 
(Fig. 5). As the gases stream out of \he opening, they propel the 
rocket in the opposite direction. 

Over the centuries mankind developed more powerful gun- 
powder rockets for weapons. The principle underlying the rocket 
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,Casin{ (airftacne) 

.Nozzle 




F.gurt 5. GUNPOWDER ROCKET. Th. sol.d most of proptHoot (gunpowd.r) ,s hollowd 
^ out into o cont. Burning btgins ot tht tip of tht cont. As burning p,oc«tds thf tnt.rt 
coimg btcomts tht combustion 'ohombtr. Tht hot goits formtd by'tht burning gun- 
powdtr ort tjtcttd from tht nozzlt ot tht rtor. Tht rocktt shoots in o dirtction 
oppositt to thol in which tht gosts ort' tscoping. 

engine was not defined, however, until Sir Isaac Newton formu- 
Jated the universal laws of motion near the end of the seventeenth 
century. 

Newton's third law of motion states; For every action there is 
an equal and opposite reaction. This third law explains the oper- 
ation of the gunpowder rocket. The action of the jet of gases es- 
caping from the openinjg of the rocket creates the reaction force 
that pushes against the forward end of the rocket and causes it 
to surge forward. The burning of the gunpowder produces no 
propulsion by itself. It can generate heat and light, but no propul- 
sion^ But when the heat ^energy is changed into the energy of 
motion (kinetic energy), in the rushing jet of gases, it creates a 
force that propels the rocket in the opposite direction. 

Newton did not himself apply his third law of motion to the 
rocket engine, but he predicted that some Jcind of space booster 
would one day make use of this principle. He wrote that the third 
law of motion would "enable mankind in later centuries to under- 
take flights to the stars.** 

Since Newton's third law of motion is basic to understanding 
the operation of the rocket engine, it is helpful for you to know 
how the law is applied in the kinds of motion you observe around 
you. Three examples of such application arc given here. You can 
probably think of many others. 

You may have tried jumping from a row boat to the shore. 
This action created an equal and opposite reaction, causing the 
boat to be propelled backward (Fig. 6). If the force was large 
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F»gurt 6. ACTION-REACTION PRINCIPLE. Abov» art thrtt tjtamplti of tht application 
of Ntwton'i third law of motion. Th» law «at»i. Far tvery action thtrt ii an tqual 
and oppotitt rtaction. (A) At th* boy iumpt forward, th» boat movti backward. (B) 
Ai tht bcHItt Tuihti from tht barrti of tht gon, it cauiti tht gun to movt backward 
(rtco»l). (C) Whtn tht boy holds tht optning of tht toy balloon, the prtiiurt of tht 
air tnttdt >> tqual tn all dirtcttont, Thtrt it no motton. Whtn the balloon ii rtltattd. 
tht air ruthtt from tht optmng. The balloon spurts off in a dirtction opposttt to. that 
of tht tscopmg air. Ntwtao'» third law also txplains tht action of tht gonpowdtr 
racktt and that af tht giant rocktt tnglnts in tht Saturn V baosttr 
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enough, you may have lost your footing and fallen into the water. 

A gun provides another sample. If you have ever fired a gun, 
you know that it recoils, or kicks back, after being fired. As the 
powder is ignited, the explosion creates hot gases that propel the 
bullet from the barrel of the gun. This action creates an equal 
and opposite reaction that pushes back on the gun, causing it 
to recoil (Fig. 6). \ 

It you have a balloon, you can easily demonstrate the action- 
reaction principle for yourself. Blow up the balloon until it is nearly 
full of air. Then suddenly release the balloon. As the jet of air 
streams from the opening, it causes the balloon to shoot off in the 
opposite direction (Fig. 6). 

The story is told that when Tsiolkovsky first thought abqut 
applying the action-reaction principle to developing the rocket en- 
gine, he was watching some young people in Moscow. The young- 
sters were out for an evening of fun in a horse-drawn wagon. As 
the boys jumped from the wagon, their action caused the wagon 
to lurch in the opposite direction. The idea of the modem rocket 
reaction engine was bom. 

The rocket engines in the space booster generate the tremendous 
amounts of power that they do according to the principle de- ^ 
fined by Newton's third law of motion. They propel the spacecraft 
into orbit as the result of a reaction force. This is a force equal 
• and opposite to that produced when the hot gases are ejected 
from the nozzle (Fig. 7). As the 'gases are ejected, flames strike 
against the launch pad and the atmosphere, and many perilbns 
get the mistaken idea that a booster builds up power as the ground 
and atmosphere resist the flow of gases. This is not the case. 
Actually the ground and atmosphere act as a hindrance rather than f 
a help. A space booster operates most efficiently after it reaches 
space, where there is no atmosphere to offer resistance to the 
jet o|^hOt gases being ejected from the nozzle. 

Beginning with Newton's law and then using other laws of phys- 
ics, *enguieers have .worked out f|)rmulas that enable them to 
construct rocket enanes that derive increasingly more power from 
the propellant. To \mderstand something about these formulas for 
computing the power, or thrust, of a rocket engine, you need 
to consider the jet oj the exhaust gases, as this is the source of the 
energy that moves the rocket boQster. To produce a great amount 
of thrust in the rocket launch vehicle, a large mass of gases is 
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Figure 7. ROCKET BOOSTER AFTER LIFTOFF. Tht rocktt boosttr trovels strotght up ofttr 

liftoff. As th* hot gosts ort tjtcted from the nozzle of tht rocket engine in tht first 

stogt, thty push ofloinst the opposite side of the combustion chombtr. This rtoction 
fore* causes tht boosttr to lift off tht pod. 



ejected at very high velocity from the nozzle. For generating this 
fast-moving jet of exhaust gases, tremendous quantities of pro- 
pellant must be burned within a short time. For example,^ the five 
giant rocket engines in the first stage of the Saturn, V booster^ 
bum some 534,000 gallons of propellant in about IVi minutes.* 
Design features also help in increasing thrust. In order to bring 
the exhaust gases up to the extremely high speeds required in the 
modern engines used jn space boosters, rocket engineers have de- 
signed specially shaped nozzles. By using a pinched 4ozzle, or a 
convergent-divergent nozzle, like the one shown in Figure 8, 
they arc able to accelerate the flow of gases to velocities of more 
than 5,000 mph. The principle applied is' the same as that dem- 
onstrated when you pinch a garden hose and cause the water 
to spurt out at a greatly increased velocity. The nozzle of a* rocket 
engine is used to convert a decrease in the pressure of the hot 
gases into an increase in their velocity, according to Bernoulli's 
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law. The nozzle continues to acr to speed up (he flow of the 
gases as long as the propellant is burning. 

The thrust of a rocket booster is expressed I'm either of two 
ways: (1) the total thrust produced by all the rocket engines in 
the first stage at liftoff or (2) the number of pounds that canJjeL 
lifted by the booster to a certain orbit. The Saturn V that launched 
the Apollo- 15 spacecraft generated about 7.5 million pounds of 
thrust at liftoff. Expressed in another way, the Saturn V generated 
enough thrust to boost a payload of about 280,000 pounds into 
a near-earth orbit. The Saturn V is at present the most powerful . 
space booster in the world. 

The largest part of the thrust produced by a rocket booster must 
be us^d in lifting the weight of the booster itself, including its 
heavy load of propellants. Only a relatively small part of the 
thrust is left over for lifting the payload, or the spacecraft. Saturn V 
weighs more than 6 million pounds when fully fueled- It can 
put a payload of about 280,000 pounds Into a near-eartti orbit, 
as noted. The Jupiter C booster that launched the Explorer 1, 
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Figur* 8. CONVERGENT-DIVERGENT (PINCHED) NOZZLE. Pressure builds up os the 
hot goses ore held in the combustion chomber. The convergent, or norrowing, portion 
of the nozzle (1) keeps the goses from moving out freely, ond pressure increoses 
in the combustion chomber. As the goses stort to move through the convergent 
portion of the nozzle, pressure Ijegins to decreose, ond velocity increoses to sonic 
speed in the throot (2). In the divergent, or widening, portion of the nozzle (3) 
pressure foils ropidly, ond the goses reoch supersonic speed. The convergent'divergent 
nozzle opplies Bernoulli's low. As the pressure of fluid porticles (liquids or goses) 
• decreoses, velocity is increosed, ond conversely. 
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the first American satellite, into an earth orbit weighed about 
80,000 pounds. Explorer 1 weighed only about 31 pounds. 

Although the rocket booster may at first consideration appear to 
be a poor weight-lifter, such is not the case. The rocket booster 
is in fact a highly efficient weight-lifter. It must lift the spacecraft 
from the earth against the strong pull of the earth's gravity and 
the drag force of the atmosphere and carry the spacecraft for 
great distances at extremely high velocities. To do this requires 
tremendous amounts of thrust even though the weight lifted is 
relatively small. Actually rocket boQ3ters generate great amounts 
of thrust in proportion to their weight (h^ve a high thrusMo- 
weight ratio). 

The jet engine used in aircraft, like the rocket engine in the 
space booster, is a modern reaction engine. Both kinds of en- 
gines depend for their power upon energy generated as a reac- 
tion against a jet of hot gases ejecting from a nozzle. Both trans- 
fer power directly to the vehicle without the need of moving parts. 
Aircraft powered by the most advanced ramjet engines could not 
travel at speeds higher than about 4,000 mph in the earth's 
atmosphere. A spacecraft that is being put into a low earth orbit, 
together with its boostA, is traveling at a velocity of about 17,500 
mph. Of the two kinds of modern reaction engines, only the rocket 
engine can generate the high velocities required for orbiting space- 
craft, and only the rocket engine ^"tem operate m space. Jet en- 
gines depend upon the atmosphere for the oxygen required for 
burning their fuel. Rocket engines take their own oxygen and fuel 
with them in the rocket propellant. 

PROPELLANTS 1^ ROCKET ENGINES 

Each stage of a rocket booster is actually little mbre than a 
shell for containing the tremendous amounts of propellant, or 
working material, that must be burned to produce the thrust required 
for propelling the spacecrafft. To gain more room for storing pro- 
pellants, all fittings within the airframe of a rocket are reduced 
to a minimum. The airframe is often used as the walls of the com- 
bustion chamber or as part of the storage tank for the propellant. 
Large amounts of propellant are required for space boosters not 
only because of the tremendous amounts of thrust that must be 
generated but also because the propellant must comprise both 
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fuel and oxidizer. The rocket engine carries its own oxidizer with 
it into space. The jet engine takes its oxygen from the air around it. 

In some rocket engines the fuel and oxidizer are mixed in one ' 
kind of material, as they are in gunpowder rockets and modern 
solid-fueled rocket engine^. In the liquid-fueled engines, the oxi- 
dizer and the fuel are usually two separate fluids. For example, 
the early V-2 rockets and many of the modern rocket engines in 
space boosters use kerosene as the fuel and liquid oxygen (LOX) 
as the oxidizer. 

Present-day propellants are of two principal kinds: liquid and 
solid chemicals. The first breakthrough in producing space boosters 
came when scientists and engineers realized the possibilities that 
liquid propellants had. .for generating great amounts of power 
and developed these propellants. Later, solid chemicals were also 
developed for use as propellants. Now solid-fueled rocket engines 
are being used to provide additional power, but liquid-fueled en- 
gines are still the mainstay for powering space boosters. Therefore 
liquid propellants are considered first and in more detail. Before 
you can compare the different kinds of propellants, it is necessary 
to have some measure of their efficiency. 

■^^ 

Specific Impulse: Measure 'i^L Efficiency 

% 

Rocket engineers measure the efficiency of a propellant in terms 
of its specific impulse. This is the measure of the amount of power, 
or thrust, that the propellant will deliver. When a rocket engineer 
says that a propellant has a specific impulse of 350 seconds, he 
means that it produces 350 pounds of thrust for each pound of 
propellant burned in one second. The higher the specific impulse 
of a propellant is, the more efficient it is. 

In general, liquid propellants are much more efficient than solid 
propellants, and they burn for a longer time. Specific impulses for 
solid jjropellants range from 175 to 250 seconds. Those for liquid 
propellants now range up to about 450 seconds. Formerly the 
theoretical limit for chemical propellants\was set at 400 seconds. 
^ but new chemicals are being used, £ifTdJ)ld chemicals have, been 

improved. By keeping in mind the range of efficiency ratings, or 
specific impulse, of the propellants just noted, you will have a 
measure for comparing present-day liquid and solid chemical pro- 
pellants with the exotic propellants likely to be used in the future. * 
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Liquid Chemical PropcHants 

Liquid propellants are especially suited for use in space boosters 
^iJCfcause their burning^On be contI^)lled. By regulaPting the flow of 
liquid propellants, it is possible to speed up the engine, throttle it 
(slow it down), and accurately control burnout. 

In rocket engines burning liquid propetiants, the fuel and the 
oxidizer are usually stored in separate tanks. They are fed into the 
combustion chamber where they are combined and burning takes 
place (Fig. 9). The most frequently used liquid fuels and oxidizers 
require firing, and an electric spark is used for the purpose. Such 
propellants are highly explosive. For this reason the booster cannot 
be fueled until just before launch. Some "fuel and oxidizer com- 
binations, such as that used in the Titan II booster, which launched 
the Gemini spacecraft, ignite upon contact and do not require fir- 
ing. Such a propellant, known as a hypergolic propellant, can be 
stored. Then fueling does not have to b^delayed until the booster 
is about ready to be launched, and preparations before launch can 
be speeded up as a result. 

Although the theory of the liquid-fueled rocket, as shown in 
Figure 9, is simple in itself, in practice complications arise. The 
liquids must be kept in place, and they must be made to flow into 
the combustion chamber at a precise rate. As a result, an intricate 
system of valves, pumps, and pipes is required. 

There are two principal ways of controlling the flow of liquid 
propellants. They may simply be forced into the combustion cham- 
ber by using gas under pressure (Fig. 10), or they may be pumped 
into the combustion chamber (Fig. II). The pressure-fed system 
has the advantage of being extremely simple, but it is limited 
in practical value. It is used for rockets that develop only a small 
amount of thrust and burn for only a short time. Pump-fed systems 
are generally used in space boosters. They are designed to burn 
large volumes of propellant and produce great amounts of thrust. 
With both kinds of systems the flow of fuel and oxidizer into the 
combustion chamber is carefully controlled so that the two liquids 
are mixed in the correct proportion. The total amount of each 
liquid is measured accurately to control the time that tht engine 
burns. If unused propellant remains in the rocket at burnout, it 
adds to the deadweight of the booster. 

As the propellant burns, temperatures as high as 4.000 to 6,000 
degrees F. are reached in the combustion chamber and the nozzle. 
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Fi9vr* 9. PRINCIPLE OF UQUID FUaE^ ROCKH ENGINE. TK« M (k«roi*n«) ond th« 
oxJdittf (liquid oxygen) art stored in &«porot« tonki. TK*y art mixed m tht combustion 
chambtr. Htrt thty or* ftr«d, ond on txploiion ond burning tokts pfoct. If tht gosts 
ort ktpt within tht combustion chombtr^ prtisurt builds u)l tqucrtly on all sidts oi tht 
chombtr. H tht chambtr has on optning (nozzlt}^ tht hot goftts tscopt. As thty rush 
from tht notxlt^ thty crtptt on tqUol ond oppoiitt rtactton, couttng tht rocktt to 

movt upward. 
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Bguf« ia PRESSURE-FED UQUID-FUaED ROCKET ENGINE. Jh* abovt diogrom ihowi 
OA« vtfsion of a pnttun-M rocktt •nglnt. Campr*s»«d otr or othtf 90m or* vf6 
fo fbrct lh« Hquid fwtl ond ox!dtx*r into tht combusHon chamber, Tbt prtiivr»-ftd 
sysltm U tlmplt but Umfttd tn prodicol vattf«. if U too h*avy to compttt favoroUy 
I with pvmp'M sYsi9mu 

At such high temperatures the materials in the walls of the chamber 
and the nozzle would soon melt. To keep the walls of the com- 
bustions chamber and the nozzle from overheating, supercooled 
oxidizer or fuel is circulated through the hollow- walls of the 
chamber and nozzle before bemg fed mto the combustion cham- 
ber (Fig, 12), 

In theory, a rocket en^e could bum its propellant gradually 
over a period of time. In practice, this is never done. If a rocket 
were to develop just enough thrust to counter gravity and support 
its weight, it would hang suspended m the air until all its fuel 
burned. If a rocket engine is to do the job mtended G>oost a 
spacecraft into orbit), it must be 'able to deliver large amounts 
of thrust within minutes. To do this, it must support rapid com- 
OTStion of the propellant and hurl large amounts, of hot gases 
from the nozzle at extremely high velocities. One way to increase 



; 2! ' 




SPACECRAFT AND THEIR BOOSTERS 



thrust IS to speed up the rate of burning in the combustion cham- 
ber. Another wa> is to use a propellant that introduces lightweight 
gases, which can reach high velocities, into the exhaust s>stem. ^ 

To obtain a fuel with a higher rate of efficiency, or a higher 
specific impulse, engineers decided to try usmg hydrogen. This ^ 
would put hydrogen gas into the exhaust stream. Hydrogen had 
been suggested as a rocket fuel by both Tsiolkovsky and Oberth. 
but it was not actually used by the United States until this country 
developed the Centaur upper stage. The Centaur was still under 
development when engmeers began work on the engines to be 
used in the second and third stages of the Saturn V moon booster. * 
These engines also use liquid h>drogen as fuel and liquid oxygen 
as oxidizer. This propellant combination can develop a specific 
impulse as high as 450 seconds. The combination of kerosene and 
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Figurt 11. PUMP FEO LIQUID FUELED ROCKET ENGINE. TH« abovt diagram shaws 
ant vtrtian oi o pvmp fed racktt tngioe Such a systtm has an axidizer pump and a 
futi pump. Bath pumps art dnvtn by a turbmt wht^l. Pawtr far driving tht turbint 
wht«i It abtaintd fram tht lomt kind af futI as <s us«d m tht rocktt tngint. tt may 
also b« obtointd from chtmicais Pump ftd rocktt tngints art rtlottvtly Ughtwtight 
and con handit largt quantitits af praptUant. 
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ficwr* 12. SYSTEM FOR COOLING COMBUSTION CHAMBER AND NOZZlt In th« 
vtrsJon of a pvmp'M tngint shown m th« abox0 <fiogram, futi is divtrt»d for cooling. 
Mon th* fu«l is in|«€ttd into th« combustion chambtr M is drculated throggh th« 
Hollow walls of th« nozzl* and combustion* chombtr. Th* fu«f r«pf0s«nttd abovt is 
liquid hyd/og«n. a tup«rcooltd liquid. In som* tysttrm fht oxidtztr Is us*d as a 
coolont insttod of tht futt 

liquid oxygen, which is used in the first stage of the Saturn V, 
^has a specific impulse of 250 to 300. seconds. 

Rocket engineers try to find the best combination of fuel and 
oxidizer (usually liquid oxygen) to produce the highest specific 
impulse and give the kind of . performance needed. Unfortunately, 
the fuels and oxiflizers that produce. the highest specific impulse 
arc usually the ones that are t}\e most difficult to handle and store. 
They are highly poisonous, corrode, or flammable, or they have 
to be kept at extremely low temperatures to keep them from boil- 
ing away. Liquid oxygen is difficult to handle because it must 
be kept at a very^low temperature (-297 degrees F,). Liquid 
hydrogen is much more difficult to store and handle, as it must be 
kept at a much lower temperature (-423 degrees F.). 

Usually . a liquid chemical is a good rocket fuel or oxidizer 
because it is highly active. Such propellants, ^allcngc engineers 
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"to 'find materials, for building storage containers for them and 
fof handling them in^ the booster. All the piping required for 
handling liquid propellants* adds to the deadwei^t of the booster. 
Therefore rocket engineers are interested in the possibilities of us- 
ing solid propellants. 

SoUd Cbetnlod PropdLnCs 

Rocket engines burning solid propellants are much less compli- 
cated than liquid-fueled engines. In solid-fueled, engines the com- 
bustion chamber and the tank'for storing the propellants are one 
and the same. In the gunpd^der rocket, one of the simplest 
forms of the rocket engine, the solid mass oU propellant is hol- 
lowed out in the shape of a cone (Fig. 5). After the rocket is 
.fired, it starts to bum, causing hot gases to be ejfcted from the 
nozzle. 

The modem solid-fueled rocket engines used in space boosters 
operate accordmg to the same basic principle. The propellant is 
usually not a simple powder, however, byt a complex, mixture 
of chemicals with 'gunpowder and oxygen blended together. Us- 
ually^ Smokeless .gunpo\yder is ^sed. When the .solid propellant is 
manufactured, it is passed th^^gh a die to form-'a 'gra|n, orl shape, 
that allows for burning qyer a 'large area at one time, ' as ^shown 
in Figure 13. In the* simplest firecracker rocket, the bumijsg takes 
place in a highly restricted area at the tip, and the propellant bunisv 
much as a cigarette docs/ln the,*bigh-powered rocket engine, the 
larger burning area' allows for the production ' of greater thrust 
and higher velocities, ^^ufmng is controlled by the design of the 
gram and by an ir^hibitor (material to prevent burning) inserted 
between the chasge and the wall of the rocket chamber. ' 

^though solid propellants can be controlled during burning, 
the specific impulse of solid fuels is usually lower than that of 
Uquid propellants, as noted. Solid propellants can be more easily 
stored, however. They are generally used for upper stages of space 
boosters, and they are useful for supplying additional power in any 
stage. 

Since both^solid and liquid chemical propellants are approach- 
ing the upper limits of ;their efficieijcy. engineers are lookmg for 
new souTces of eitfergy. " * 
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2. fotenui bttroii^ 

/ > * * ' 

Figure 13. END BURNING AND INT^RNAl BURNING IN SOLID-FUEIED ROCKETS. Ip 
th« fir^crocktr racktt (1) burning is rtitricltd. Th« powdtr chargt (prop«llant) com- 
pUt*Iy fills tht casing. Afttr tht charg* is im^, it bum? on th« tnd only. In th« 
mdlfWrn »crtl(3;futltd rocktt tngint (2) bumi*g tokts pladt inttmafly^ and th«rt is .a 
»""ch^fgjr burning surface. Tht «olid proptllont jcnay ^ shaped in many difftrint 
forms. Abovr is shown ih% star dtsign (3)., This pravidts ^or a largt burning surfac*. 

^ * • New Kinds a! Propdltnts 

The liquid and. solid propellants just described produce clergy 
thnough chemical^ means. Chemicals are burned in the combustion 
ch^amber to produce a jet of hot gases that, is ejected 'from the noz- 
zle. Other means could be found for producing' static energy that 
could be cgnverted into kinetic energy in the' rocket *engine, and 
other substances, besides hot gases* could be ejected 'fr6Ri the- 
nozzle to product a reaction force-. Nuc3e^^cnergy or 4olat^«cn- 
crgy (heat from the sun) could be used Jo produce a "stream of 
hot gases. Also, the hot gases fushing^ from* the nozzle coulcf be 
replaced by othcF forms 'of energy, suofi ^s streams of photon 
energy (high-energy light beams) or SSectrical energy .(ions, or 
charged parficlcs). All these exotic kinds, of energy arc being 
studied for /use in future ^pace boosters and spacecraft. " 

Most of the new kinds of energy^ would produce propellants 
. with a much higher specific impulse, or higher efficiency, than 
those now in use. The theoretical specific impulse of the solar 
rocket is 450 sccond^/of-tht Ion rocket, 10,000 to 20,000 sec- 
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Figur« 14. PRINCIPLE OP THE NUCLEAR^ ROCKET. Tht diagram abavt $haw$ haw tht 
NERVA rack«t ap«rat«$. Liquid hydrogtn I's first circuiaUd' ta caal th« nazzlt. Tht 
portially h«at«d fluid, passibly a mixturt of liquid and gas, th»n •n\%r% tht rtactar. 
As it possts thraugh tht rtactar tht hydragtn gas rtachts an txtrtmtly high 
ttmptraturt. As tht hot gas possts thraugh tht nazzlt, prtssurt is dtcrtastd and 
vtlacity incrtastd. Tht hat gai is tjtcttd at grtot vtlacity from tht nazzlt. Tht largt 
NERVA nucltar rocktt tngint has bttn canctlltd, but its principit of aptrattan can bt 
applitd in dtvtlaping smalltr nudtar rocktfi. 
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onds; of the nuclear rocket, 600,000 to 1,000,000 seconds, and 
of the photon rocket, 30,000,000 seconds. 

Although these new kinds of propellants would be highly ef- 
ficient in space and could generate extremely high velocities, they 
could not produce large amounts of thrust at any one time. Since 
the machinery required for generating such energy would be quite 
heavy in relation to the amount of thrust produced, such rocket 
engines would have a low thrust-to-weight ratio. Although chemr 
ically fueled rockets must carry heavy loads ,<|[ propellants, they 
produce great quantities of thrust in proportion to the load car- 
ried (have a high thrust-to-weight ratio). Chemically fueled rocket 
boosters would still have to do the heavy work of giving the " 
spacecraft its first boost* up from the earth. The -new propellants 
could be used in the upper stages of the booster or for propulsion 
in the spacecraft after it is' released from the booster. 

Of the new kinds of propellants, only that for a nuclear rocket 
is likely to be ready for use in the near future. The first static tests 
of a nuclear rocket engine, the NERVA, have already been com- 
pleted. This engine ,works according to a simple theory. Liquid 
hydrogen is used as the propcllant. This is heated by passing ft 
through a nuclear reactpr (Fig. 14). As the hot gas leaves the reactor 
and passes through a pinched nozzle, its speed k^increased, and ^ 
it is ejected from the nozzle at extremely high velocities, produc- 
ing thrust in the opposite direction. Work is no Tonger being done 
on the large NERVA rocket, but the technology already developed 
can be used in producing smaller nuclear rockets. , * , 

While the new forms of rogket propellants are being studied,, 
engineers are obtaining greater amounts of thrust from chemically 
fueled space boosters by improving the methods of assembling^ 
the engines in the bopstcr. 

ASSEMBLING ROCKET ENGINES IN THE BOOSTER 

In designing and assembling space boosters, engineers follow 
the old adage: There is strength in numbers. To gain power 
and employ it to best advantage, they use more than one, apd 
usually several, rocket engines in a booster. The engines are 
assembled in three ways. (I) by staging, (2) by clustering, and (3) 
by adding strap-on engines. All space boosters are staged. 3;he 
larger and more advanced boosters gain additional thru'-t by clus- 
♦ tering engines within a single stage or by adding strap-on engines. 
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The step principle, or the idea of staging rockets by placing one 
above the other, was first advanced by Tsiolkovsky. It has been 
followed since the beginning of space travel and has been a key 
to securing the vast amount of thrust required for orbiting space- 
craft. 

In staging rockets, engineers put the largest and most powerful 
•rocket at the bottom, a smaller and less powerful rocket next, 
and aJ?ove this a still lighter and less powerful rocket (Fig. 1.5). 
The spacecraft rests on top' of the stack. Theoretically at least, 
a booster could haye any number of stages, but practical con- 
siderations usually limit the number of stages to two or three. 

The first stage must be the most powerful. When it fires, it 
must lift the complete assembly up from the earth and begin the 
vertical climb. It must counter the strongest gravitational pull 
and the heaviest atmospheric drag force. After the*first stage burns 
out, it is separatejj and falls away. The second Stage fires and 
speeds up the booster. By this time the boWer has begun to,, 
tip over, and the drag forces acting upon it are gr€;atly reduced. 
After the second stage burns out, it is jettisoned, and* the load 
is further lightened. Deadweight is eliminated each time a stage 
drops off. The top stage, which is the lightest in weight, fires to 
accelerate the spacecraft to*^e speed required for orbiting. 

As each stage of the booster fires, the velocity generated is 
added to that attained by the previous stage. For example, the 
first stage begins at zero velocity. It may accelerate the booster 
to" 10,000 mph. The second stage begins at this speed, and it 
may accelerate to 1^,000 ijiph^ The third stage,- beginning at 
14,000 mph, may accelerate the spacecraft tq 17,500 mph, a 
speed high enough to cause it to Prbit. V 

Although staging makes possible a more efficient use of poweV. 
the number of Stages is limited by the deadweight added. This 
may more than offset(^the increase in thrust produced by adding 
another stage. At this point Jt may be necessary tor cluster engines. 

Clastering Engines 

When the Saturn boosters were being developed, clustering 
engines within a rocket stage was a new approach. Engine^ that^ 
are clustered are arrartged about the center line, or axis, of the 
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Small rocket engine. 
I Fuel stq)ply for taking this 
3d stage and spacecraft to an 

altitude of 175 miles at 
17,500 mph and Injecting 
spacecraft into ortnt. 



targe fockettengine.-^ —-^ 

' Fuet supply for taking 
remainder of assefnbly to 
an altitude of 150 miles 
at 14.000 mph. 




Very l^rge rocket engine. 
Fue^ supply for taking whole 
1st stage assembly to an altitude of 
' 100(ni!e$ata velocity of 
10,000 mph. 
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Fi'gurV 15. STAGES OF A ROCKET BOOSTER. The three stages of the rocket booster 
shown above ore clamped together at launch. The whole assembly (three stages 
and spacecraft) \\ stacked up on the launch pod with the spacecraft at the top 
Note that the first, or bottom, stage ts the largest ond has the most powerful 
rocket engine. The second stage has a less powerful engine. The third stage has the 
smallest engine This top stage reaches the high velocity required for orbiting the 
spacecraft. The velocity of each >flb|e is a66e6 to that of the preceding one. 
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rocket so that balance is achieved and the booster will be stable 
in flight. The engines may be placed one beside the other (par- 
allel staging), or they may be arranged in a circle about the center 
of^ the rocket (Fig. 16). All engines in the cluster are fired at 
one time to produce a great burst of power. 

In the Saturn V» five engines are clustered in the first stage 
and five engines in the second stage. The giant kerosene-fueled 
engines in the first stage each develop about 1.5 million pounds 
of thrust, making a total of about 7.5 million pounds of thrust at 
liftoff. 

Another way of increasing the thrust of a space booster is to add 
strap-on engines. ' 

Adding Solid-Fueled StraiMio Engines 

By adding strap-on engines to the original rocket booster, en- 
gineers are able to gain large amounts of additional thrust. Solid- 
fueled engines, which do not require piping, are used for the strap- 
ons. Usually strap-on engines are added in groups of twos or 
threes. The total thrust' produced by the strap-on engir\es may 
actually be several times more than that produced by the engines 
in the original rocket booster. 

The giant Titan III may use several strap-on engines to gen- 
erate a much greater burst of power at liftoff. 
«« 




Figur* 16 CLUSTERING ROCKET ENGINES. Tht engines ore positionvd withm eoch 
rockvt stog* in such o woy thot jhty*ore bolonced obout the center line of the* 
rocket. The engines moy be ploced one beside the other (porollel stogmg), or they 
moy be ploced in o circle obout the center line of the rocket. 
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To provide the right amount of thrust needed for a particular 
mission, planners begin by selecting a basic booster from the fam- 
ilies of standard boosters. 

FAMILIES OF BOOSTERS 

In the United States space boosters developed along "family" 
lines. Instead of attempting to develop a different kind of booster „ 
for each type of mission, US planners developed families, or series, 
of standard launch vehicles and then selected the booster for each 
mission from the families of boosters. In this way it was possible 
to develop each standard vehicle more fully arid to obtain a wealth 
of informatibn on its launches. 

The families of boosters includes a series of standard boosters. 
Each family has developed within a certain thrust range and is 
therefore capable of boosting spacecraft within a certain weight 
category. Beginning with the smallest booster family and ascend- 
ing in order to the largest and most powerful, the standard US 
space boosters are the Scout, the Thor (Delta), the Atlas, the 
Titan,^ and the Saturn boosters (Fig. 17). 

Each family of boosters began with a basic booster and then 
developed in either of two directions: (1) by improving the orig- 
inal design of the booster or by using devices to increase thrust, 
and (2) by using the booster with various combinations of upper 
stages. The upper stages used most often at the present time are 
Burner II, Agena, and Centaur. 

The Scout, a solid-propellant booster, is used in three-stage 
or four-stage combinations to orbit small spacecraft carrying scien- 
tific payloads. It is an exception to the rule that solid-fueled boost- 
ers are not used as first stages of space boosters. 

The original Thor booster, a liquid-propellarit intermediate-range 
missile, had its thrust increased through the use of both solid- 
fueled strap-on engines and additional liquid propellant. One ver- 
sion of the Thor booster is the three-stage Delta booster. The basic 
Thor booster, combined with many different upper stages,^ used to 
be the workhorse of the space program. Among other uppcf stages 
used with the Thor is the standard Agena upper stage. 

The Atlas (Fig. 18). a liquid-fueled booster, was, in the ear- 
liest stage of development, the first US intercontinental long-range 
missile. It was modified for launching tHe first US manned space- 
craft, the Mercury. The Atlas rather than the Thor is now the 

\ 




Figure 17. US STANDARD SPACE LAUNCH VEHICLES Above arc shown models of 
some of the launch vehicles /made up from the families of standard boosters, together 
with upper stdges. The Delta is a basic Thor booster with three strap-on engines 
added to the first stage and a Vanguard third stage. Note the size of the Saturn 

boosters. 
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F.gure 19 TITAN HID WITH SOUO FUELED STRAP ON ENGINES The art.jt j cutaway 
drawing abo^e ihows a two-stage version of th* Titan III with two giant strap on 
engines Th*s« engines, called the zero stage, can generate 2 3 mtllion pounds of 
thrust ot liftoff. This ts far more than the thrust produced by th« two liquid-fueled 
engines m th^ first stage t520,0O0 pounds}. The total height of the booster is lii feet 

workhorse of' the space program. The Alias has been combined 
with Burner II. tfiK Agena. and the Centaur upper stages 

The Tuan ill (Fig. 19) is the lasg^jslbooster of the Titan 
fdrpily It uses either an additional thir^Zr^f^yge or so!id-fue!ed 
strap-on engines for increasing thrust^o hft extremely heavy 
spacecraft It is second only to the ^aturn boosters in weight- 
lifting ability. The Titan II, an earlier/booster of the Til^^ family, 
was used for launching the G^ini Spacecraft The Titan III was 
developed as a space booster, no/ as a missile. 

The Saturn boosters (Fig 2Q), the largest boosters, are^sed to 
lift the heavy Apollo spacecraft. The Saturn IB. an uprated 
ersion of the first Saturn booster, was used to put the first 
Apollo spacecraft into earth orbit This smaller Saturn has two 
stages. The second stage of the Saturn IB is used as the third 
^tage of the Saturn V The giant Saturn V. with its three stages. 
IS used to orbit the Apollo spacecraft when it goes to the moon 
WTien the Saturn V. together with the Apollo j^acecraft and 
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escape tower, is prepared for launch, the complete slack rises 
364 feet above the launch pad. 

Now that we have tak^ a/I5<^t/S^4h^^ive launch vehicles in 
the US families of boosters, we should consiofcr the standard upper 
stages used with some or^ these boosters. 

The Bufner II, a solid-propellant rocket, is the lightest upper 
stage, but it has a second stage that can be used with, it. The two- 
stage combination, teamed with an Atlas booster, can lift a spac^ 
craft into a high earth orbit. • - 

The Agena, a liquid-propellant upper stage, has an engine 
that can be restarted in sp'ace. The Agena upper stage was mod- 
ified for use as the target vehicle for the Gemini astronauts. It 




Figur* 20. RELATIVE SIZE OF WE SATURN BOOSTfUS. Tht thr»«^stdg# Solum V, 
r»cdy for lounchiog \h% Apollo spoctcroft into o lunor orbit, ris*s os high Of or 
sk/Krop«r. TH« two-itog* Saturn IB shown b«sid# it wos ostd to louneh th» Apollo 
spoc»<yaft for flights m torth ^fbft. Comport fh» sirt o^ tK# Soturn boosters with 
tKot of th* Atlos ctnd Titon II boosters, u>«d to orbit th* Mtrcury ond G«mini 
$po»crorft, r«fp«€tiv»ly. 
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Figurt 21 CENTAUR UPPER STAGE Th»i C«ntowr it b«ing mot«d with an Atloi 
booster in pr#por<jt»on for lounching o Surv#yor prab« to th# moon Th# Contour 
upp«r ttog« hot b*«n uMd for iunor ond plonttory prob«i 

36 

ER?C 43 ' 



ROOUBT MOOSTEMS 

was boosted by the Atlas. The Agena is used as an upper stage 
with the Thor and Atlas boosters, as noted earlier, 

"the Centaur {Fig, 21), which is fueled with liquid hydrogen, is 
the heaviest upper stage. It serves many purposes. With the Atlas 
booster (Atlas-Centaur), it was used to launch the Surveyor soft- 
landers on the moon. The Centaur is also used as an upper stage 
in launching probes to the planets. 

The combinations of standard boosters and upper stages just 
described should give you some idea of how boosters are assembled 
for launching many different kinds of spacecraft. Stages are assem- 
bled that can be mated and made to work together. Each booster 
unit assembled is provided with a guidance system and a control 
system to keep it on course. 

GUIDAIVCE AND CONTROL SYSTEMS 

Befdrc speacecraft could be orbited, boosters had to be de- 
veloped that could not only generate vast amounts of thrust 
but also direct the spacecraft along the precise course required 
for orbiting. Rocket power was the key. Although guidance and 
control of this power were also necessary, engineers were able to 
meet this challenge when the rocket engines were ready. As 
rapidly as rocket engines were developed for more powerful 
boosters, the computers, communication systems, and other elec- 
tronic devices needed for steering the boosters were ready. When 
Doctor Goddard began to develop the first liquid-fueled rockets, 
he also began to develop a guidance system for them. The first 
breakthrough in the guidance of long-range rockets, however, 
came with the German V-2 missiles launched during World War 
II. They contained a guidance system that worked. This is one 
of the reasons why the Americans and the Soviets wanted to se- 
cure V~2 missiles for use in rocket research. 

A space booster is directed to keep it on a trajectory planned 
in advance. Information about this trajectory is fed into computers 
that are part of the guidance and control systems. Each system 
is a separate unit, but the two systems are described together 
because they work closely together. The guidance system might be 
compared with a man's brain. It receives signals from instruments, 
just as a man's brain receives signals from his five senses, and then 
makes decisions. The guidance system tells the control system what 
movements to make. The control system might be compared ^ith 
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a man*s f^t and legs. It actually makes the movements required to 
keep the booster on course. 

The guidance system of a space booster must be highly accurate. 
At the great velocities at which such boosters travel, any slight 
delay or error in the instructions given to the control system would 
caiise the launch to fail. 

There are two principal, kinds of guidance systems used in 
space boosters, the inertia! guidance system and radio command guid- 
ance (radar guidance system). Elements of the two systems may 
be conflfincd within a single system. 

The mertial guidance system (Hg. 22) is self-contained within 
the booster. Such a system is able to make its own decisions with- 
out help from the outside once the booster is in fli^t The 
system provides for computers within the booster. The informa- 
tion about the course required for orbiting the spacecraft is pre- 




Rgurt 22, BASIC ElEMEKTS OF INERTIAL GUIDANCE SYSTEM. Tht dloflram obovt 
thowt !h« •Umtntt of on intrtiol guidonct sytlftm uMd In o rock«t bootltr. Tht 
tyst«m It Mtf'contointd In th« boott«r. TK# gyroscopes ond ooc«ltrom«ltrs or* 
mounted on what is eolted o stoblt toblt. This tobU olwoys k*«p^ lh« tamt plont 
In r*ftr*nc* to th« torth. Th« occtUromtttrs givt th« eomputtrs informotion obout 
tK« direction tht boost«r Is trovtling, th« rott of trovtt ond th« timt that fH« b^sttr 
hos bMn trovftfing In ihis dirvction of thot rott. Th« tysttm shown obovt U conntcttd 
with o dock. Tht doto Mi into tht computtrs tnoblts thtm^to givt tht outopllot 
Information ntctssory for directing tht control systtm. TKt control systtm mokts tht 
corrections in tht flight poth. 
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Figurt 23. PRINCIPLE OF TWE GYROSCOPE As tht rocktt boosttr troytis olong its 
trojtctory tht gyroscopts in tht mtrtiol guidonct system olwoys momtom tht samt 
position with rtftrtdct to tht forth. Tht gyroscopt is givtn its position ot tht btgm 
ning of tht flight ond is roodt to spin ropidly. Tht ropid spinning enobles tht gyro- 
xopt to mointoin its position during flight, os shown in tht instts obcvt. T>it prin- 
cipit Is tht somt OS thot undtrlying tht optrotton of tht gyroscopt top. In tht rocktt 
boosttr thrtt gyroscopts ort usfd to kttp tht boosttr in Itvtl flight in oil thrtt 
dirfdions. This prtvtnts rolling, ^pitching, or yowing. 



set, or programmed, into these computers before launch. Each of 
three accelerometers measures the acceleration, or the rate of 
change in velocity, of the booster in one of three possible direc- 
tions. Each accelerometer is made stable by being mounted on a 
platform controlled by a gyroscope (Fig. 23). Signals from the 
accelerometers are fed into the computers. If the calculations made 
by the computers^ show that the missile is off course, the com- 
puters send signals to the autoipilot, Or the flight control center. 
The autopilot relays directions to the control system for putting 
e booster back on course. 

In radio command guidance (radar guidance system) the com- 
puters that make the decisions for the booster are on the ground 
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(Fig. 24). They are connected with radar equipment that tracks 
the booster on a radar screen. If the radar signals received from 
the booster show that it is going off course, the computers on 
the ground calculate the amount and the direction of the move- 
ment off course, and they send instructions to the autopilot in 
the booster for correcting the course. The booster has an antenna 
and a radio set for receiving the instructions, which are trans- 
mitted to the control system. 

If the booster begins to stray from its course, the guidance sys- 
fem will bring the control system into operation. The control sys- 
tem may be one of three principal kinds or a combination of two 
or more of these systems. 

The control system may consist of movable jet vanes placed in 
the stream of the exhaust gases of the rocket engine (Fig. 25A). 
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Fi^ur* 24. RADIO COMMAND GUIDANCE. Most of th« •quipm«nt us«d in this system 
is an th« ground. Th« radar antenna an th« graund sends a radio signal to th« rocket 
boaster, ond the signal is reflected back ta the earth. Twa kinds of radar interpret the 
return. The regular radar shows the directian af flight (upper inset). The Doppler radar 
shows the velocity af the booster (lower inset). Information obout the direction ond 
rate of travel is fed inta the camputer< It campares the actual path af the booster 
with the planned. path. If the baoster is straying fram its caurse', the information is 
relayed ta the autopilot in the booster. The autopilat gives the instructions to the 
central system ta jorrect course. 
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Rguf 23. SOME CONTROL SYSTEMS USED IN ROCKET BOOSTERS. Th. control ,yif m 
U activottd fay th« ouiopWoi to chbngt tht direction of tht booittr. Thrw control 
tytHmt or# ihown In th» obovt dbgromt. A, Tht itt vont con b« mov#d to dtfl.ct 
th« flow of th« •xhouft goftf. ThU couMt tK« boosttr to chong* dlr«ction. B. V.ml.r 
rocUtt Qr« tiny rocktt .nglnts locottd on tht olrframt of tht bootttr. On. or mort 
of thtit tiny tnglnti moy b« flrtd to cauit flight chongtt In tht dirtction pf tht 
booittr, C. Tht moln rocktt tngbj^wlf moy bt movtcl to coutt a chongt In tht 
dlr^tron of tht txhoutt gosts, di[)d||3nttqutntly of tht bootttr. 
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As the vanes are moved, they divert the flow of the exhaust gases 
and cause the booster to go back on course. 

A second kind of control system is made up of a series of jet 
thrusters, or vernier rockets (Fig. 25B). These are actually tiny 
rocket engines used to make fine adjustments. One of these engines 
can be fired to produce a tiny jet of gas that will push the booster 
back on course. 

A third kind of control system consists of moving the rocket 
engine itself, or using a gimbaled engine (Fig. 25C). The engine 
is mounted on a gimbal, or a ring that permits movement. If 
the booster strays from its course, the engine is moved so that 
the direction of the jet of gases is changed. This produces a change 
in the direction of the thrust, putting the booster back on course. 

When the stages of the booster have been assembled, and the 
guidance and control systems are operational, the booster is ready 
for countdown and launch. 

COUNTDOWN AND LAUNCH 

You are probably familiar with the last few minutes of the 
countdown just before launch, especially with the excitement at 
this time when astronauts are being launched. The countdown be- 
gins much earlier, however, sometimes as much as two days before 
the final count. The countdown is actually a roll call of all sys- 
tems and facilities to find out whether they are ready for launch. 
The launch manager, who is in charge of the countdown, stays 
by his telephone in the blockhouse. This is a reinforccfl steel and 
concrete structure that is located just as near the launch pad as 
safety allows. The launch manager and his staff control the launch 
from the blockhouse (Fig. 26). 

During countdown the launch manager calls to see whether each 
system or facility is ready. The answer he expects is either "Go" or 
**No go." If a report is "No go," the manager tries to find out 
what the trouble is and to sec that it is corrected. While he is 
checking on the problem, he calls a hold on the countdown. If 
the problem cannot be solved within a reasonable time, the man- 
ager must scrub, or cancel, the launch. It may be rescheduled 
later. 
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Figur* 26. UUNCH AAANAGEK DlKEaiNG OPERATIONS FftOM BLOCKHOUSE. This is 
. a vi«w in Firing Koom No. 1 d th« Launch Control Ctnt*r at Cap* Ktnntdy. Th« 
managtr is dlrtcting th« launch of tht Apollo- 13 flight by th« Saturn V booster. 



The launch manager also gets a report from the supervisor of 
the launch facilities. This supervisor lets the manager know when 
the range is clear. Warnings arc issued in advance to all aircraft 
and ships that might be operating in the area, but a check of the 
area is also made just before firing. 

As a further measure for preventing accidents, the launch 
manager sees that the range safety officer is on the alert. This 
officer takes over control of the launch just after the firing. If 
the booster strays too far off course, he issues an order for 
destract — that is, for the automatic destruction of the booster. If 
troul)le should develop on the pad when astronauts arc in the 
spacecraft, the escape tower would fire to bpost the astronauts 
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ftguf. 27. TWO.STAGE ROCKET BOOSTElf AND SPACECRAFT ON LAUNCH PAD Th. 
Sontry. or «rvie. »ov^.r, I. ,hown to <h. right. Umbilical cord, carrying oxidii.r, h,l 
and .Ittnc pow.r eonn.d <h. gantry with th. boo.t.r and .pocwroft. Th. diagram 
.how. o g.n.rallz.d unmannwl .poceroft. An actual mann«l .paccraft would r.quir. 
, many mor. umblllcak 
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clear of the launch pad. They would then have to be recovered 
from the ocean. 

Each missile is supported by a gantry, or a service tower, at 
launch. A gantry (Fig. 27) is a cranelike steel structure with dif- 
ferent floors, or levels, permitting men to service the different 
parts of the booster ^nd spacecraft. The, gantry may be per- 
manently installed, or it may be moved, back and forth on a 
track. The launch pad is a heavily reinforced concrete slab with 
a flame trench. During countdown, when the gdntry is in place, 
ambilical cords, or cables, are fitted to the booster and space- 
criaft for carrying to them propellant, oxygen, power, or what- 
ever else is needed for servicing them. The umbilicals have 
quick-disconnect plugs that permit them to be rele^ed automati- 
cally when the booster is fired. 

The size and complexity of the launch facilities vary with the 
booster. The Saturn V, the largest of the boosters, has by far 
the most elaborate facilities. A gigantic Vertical Assembly Build- 
ing (VAB), which is 525 feet high and covers more than eight 
acres, allows the three stages of the booster to be assembled and 
mated with the Apollo spacecraft indoors. The gantry for the Sat- 
urn V is a mobile launcher with a 410-foot-high service tower 
(Fig. 28). By means of a giant crawler transporter, which operates 
much like a caterpillar tractor, the launcher moves the complete 
Satum-Apollo assembly from the VAB to the launch pad about 
3Vi miles away. If a storm should threaten the Satum-Apollo before 
launch, the complete assembly could be moved back into the VAB 
again. Facilities for the smaller bisters arc much simpler, and 
they do not provide for assembling the booster and spacecraft 
indoors. . 

As the countdown nears the end, the launch manager com- 
pletes his^ checks, and everything is in readiness. At the zero 
count, flames and hot gases rush from the nozzles in the en- 
gines of the first ^tagc as the booster quickly builds up thrust. 
Powerful clamps hold the booster down until it reaches the right 
thrust level tor launch. Then the clamps are released automati- 
cally, arid the booster rises slowly from the pad. 

The booster will provide not only power but also direction for 
the spacecraft. If will accelerate the spacecraft at a precise velocity 
to an exact position, thus injecting it into orbit. 




5,3 



\ 



SPACECRAFT AND THEIR BOOSTERS 




ROCKET BOOSTERS 

TERMS TO R£M^^1BER 



space booster ^ 

propellant (fuel and oxidizer) 
nozzle 

convergent-divergent nozzle 

(pinched nozzle) 
combustion chamber 
plumbing 
airframe 

to jettison a stage of 

the booster 
rocket engine 
modem reaction engines 

(jet and rocket engines) 
reaction force 
kinetic energy 
jet of exhaust gases 
thrust 

thrust-to-weight ratio 

specific impulse 

liquid chemical propellant 

hypergolic propellant 

solid chemical propellant 

nuclear rocket 

staging 

clustering engines 



adding solid-fueled strap-on 

engines 
families of boosters 
guidance system 
inertial guidance system 
accelerometer 
gyroscope 
autopilot 

radio command guidance 

(radar guidance system) 
control system 
movable jet vanes 
jet thrusters (vernier rockets) 
gimbaled rocket engine 
launch 
couiUdown 
blockSouse 

to holo^he countdown 
to scrub a launch 
destruct 
escape tower 
gantry 

umbilical cords 
launch pad^ 



roEAS TO REMEMBER 

1. A space booster must (a) generate tremendous amounts of thrust and 
(b) direct the spacecraft along an accurate pathway at the exact velocity 
required for orbiting. 

2. The rocket engine is a reaction engine. It works according to Newton's 
third law of motion: For every action there is an equal and opposite 
reaction. 

3. The jet engine is also a reaction engine, but it requires air for its opera- 
tion. Only^he rocket engine can be used in a space booster. 

4. The rocket engine carries its oxygen with if in the oxidizer. A rocket 
propellant contains both fuel and oxidizer. 

5. The efficiency of a rocket propellant is measured in seconds of specific 
impulse. The higher the specific impulse, the more efficient the propel- 
lant is. 
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6 The propellant used in the engines of present-day ^acc boosters are 
either liquid or solid chemicals. Liquid cheniicals are still the mainstay 
of the space booster. 

7 All space boosters are staged To gain additional thrrist, the engines may 
be clustered within the stage, or solid-fueled strap-on engines may be used. 

8 US space boosters have been developed in families, or scnes, according to 
their weight-lifting ability. 

9. To keep the booster on course, it mOst have both a guidance system 
tnd a control system. 

10. At countdown the launch manager sees that all parts of the booster 
and spac^>afi are operational and that they will work together to insure 
the success the launch. ^ 

^ QUESTIONS 

1. What are fiie prindpal parts of Ac space booster? 

2. How is Newt's third law of motion applied hi the rocket engine? 

3« What important adran^ttment In the rocket engine made possible 6ie space 
boorttr? 
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4. How is greater ^sxnA obtained in rocket cnginef? 

. 5. Why are Jet engines not used hi space boosters? 

6. What l5 the pShpse of the pinched nozzle (conTcrgent-dlvcrgcnt nozzle) 
hi rocket en^esl ^ 

T.-What is a propellant? Wliat are the two parts of a liquid propellant? 

8. What are the two prindpal kinds of llqutd«fueled rocket enginef? 

9. What lA a nudcar rocket? 

IQc Why must a space booster foe staged? 

11. Why are engines clustered? Hon are the dustercd engines arranged and 
how are they fired? 

12« What kind of enghies are o5ed for strap-on enghies? Wlxat booster uses 
very large strap^m engines? 

13. Name foor families of standard US boosten and one standard up{ter 
stage. 

14. How is file inertia] guidance system different from tfie radio command 
gojdance (radar guidance ^sXtm) o^ed in rocket boosters? 

15. Describe bow two different^ kinds of control systems for space boosters 
opermte« * 

16. What is the purpose of the rocket gantry? umbQlcals? and launch ptd? 
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THINGS TO DO 

1. Add to your scraplJqglWJiPPings on the US standard families of spa^ 
boosters and the standard upper stages. Have any important advances 
been made in these boosters and upper stages? Has progress been made 
m developmg small nuclear rockets'* What will happen to the standard 
space boosters as progress is made m developing the space shuttle and 
other reusable space vehicles? 

2. Demonstrate the principle of the rocket engine. You might begin with 
a diagram and then use a to> balloon for showmg how the action-reaction 
principle is apphed. Perhaps the instructor will let you help him with 
a demonstration using the model rocket. 

3. Explain how the pinched nozzle (convergent -divergent nozzle) 'applies 
Bernoulli's law and increases thrust in the rqcket engines used in space 
boosters. Use a diagram or model to help you. Perhaps you can use a 
pinched hose with flowing water to get your point across. With the 
help of the instructor, you might work out a demonstration of the nozzle 
with the. model rocket 

4. If you have a special interest in mathematics, explain some of the basic 
formulas for computing the thrust of the rocket engine Explain how 
thrust can be increa^ in a rocket engine to secure' the great amounts 
of energy required for orbiting spacecraft 

5. Secure a gyroscope top for demonstrating the principle upon which the 
gyroscope in an inertial guidance system operates. Read the instructions 
that go vwth the top. They should explain how' the top demonstrates the 
prmciple up. n which the g>rcs;opc operates The g>roscope is the key to 
the inertial guidance system. It is used for establishing the stable table 
m reference to the earth. 



6. Demonstrate the operation of radio commfnd guidance ( radar guidance 
system) Use simple table models to represent the ground equipment or 
draw diagrams. 

7 Explain how one of thc^/ontrol systems in a rocket booster operates 
Conclude your explanation by telling the *.lass wh> the control systems on 
a space booster must operate with precision. 

8. Make a study of an important launch operation Outline the procedure 
followed and any significant problems that developed Make a report 
to the clais on the launch, and be prepared to answer quest^^Tks 
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THIS CHAmir 4xp^hs how ^poewcretft J>f . 
e6m»f on oil^qoJ ti^tlHft of th« torth or oth«t 
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A ROCKET BOOSTER thai puis a space- 
craft imof orbit generates tremendou'*' 
\clocii> and guides the spacecraft along an 
accurate pathwa>, as noted in Chapter 2 
Great precision, as v,c\\ as large amounts 
of power, IS required for orbiting space- 
craft. The requirements for orbiting a space- 
craft arc so exacting that the process has 
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been likened to finding the eye of .a needle in space and threading 
it. The booster must deliver the spacecraft at a precise point in 
space, the spacecraft must be traveling at a certain velocity, and it 
must be pointed in the right direction, If all conditions are met, 
the spaceccafi becoijies an artificial satellite t)f the eajjh or of 
some .other body in space. 

As the decade of the 1970s*opened, more than 1,000 space- 
craft had met requirements and been orbited about the earth, the 
mo<5n, and the sun by all nations^Somewhat Jess than half the 
number of spacecraft orbited, or a little less than 500, were still 
in orbit. About this jame number might be expected to be in 
orbit at any one time in the future, together with discarded rocket 
stages and other space junk. To identify the spacecraft that are 
orbiting, NASA "atid the Air Force keep track of all spacecraft 
and space junk, and they study the orbits and trajectories of 
spacecraft. The information compiled enables scientists to plot 
. the future course of spacecraft and predict when they will be in 
a particular position. 
Scientists can make preciictions about spacecraft because they 
1 know that orbiting spacecraft follow the same laws of celestial 

mechanics that the moon, the earth, and" other natural bodies 
do as they move through space. If you ' understand the basic 
laws of celestial mechanics, you will ynderstand how space- 
craft travel. Spacecraft are artificial satellites of the body they 
orbit. 

A SPACECRAFT AS AN ARTIFICIAL SATEIXITE 

The Soviet * Sputnik I was put into orbit in October 1957. 
This was the first man-made object ever to orbit the earth and 
the first such objecl that remained in space. Many people won- 
dered why this spacecraft did not fall back to the earth as sound- 
ing rockets had done before, but space scientists did not wonder. 
They understood that man had at last met the requirements for 
producing an artificial satellhe of the earth. 

Our own era contributed the practical means for creating the 
first artificial satellitfi^ It provided the tremendous rocket power, 
the computers for making complex mathematical calculations, and 
the electronic devices for guiding the rocket booster. The idea of 
an artifiCKil NaieliKe \\as nol new in mixlcrn nmcs. however The 
laws upon which the calculations for an artificial satellite, were 
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based had been formulated by physicists and astrononf>ers cen- 
turies before. ^ 

* Sir baac Newton (1642-1727), an English astronomer and 

mathematician, formulated the basic la\\s of motion and gravit>. 
He is credited with brmging together the works of previous scien- 
tists and laying the foundation of theory upon which the space 
scientists could build. On the day when the first American astro- 
nauts landed on the moon,* fresh flowers were placed on New- 
ton's tomb in Westminster Abbey. Soviet Cosmonaut Yuri Gagarm • 

968). the first man to orbit the earth, also paid tribute 
to Newton, saying that without Newton's work his trip into space 
would not have been possible. 

Newton was able to reach the conclusions that he did because 
he studied the work of other scientists. The laws about the motion 
of heavenly bodies were formulated by the German astronomer 
Johannes Kepler (1571-1630), some seventy years before. Kep- 
ler, in turn, based his laws upon the careful observations of the 
planets recorded b> the Danish astronomer Tycho Brahe (1546- 
1601^ who watched the heavens without the aid of a telescope, 
and'^upon the work of the Italian astronomer and physicist 
Galileo (1564-1642), who bJilt a telescope and conducted basic 
experiments to study gravity. 

Newton, according to a story, was led to study gravity when he 
was hit on the head by a falling apple. Gravitv is the force that 
constantly attracts all objects on or near the earth toward the cen- 
ter of the earth. It acts on free-falling objects and on our bodies as 
tJiey rest on the surface of the earth. Gravity is the* force that 
pulls your feet to hold them on the ground as you walk, and it is 
the force that causes your body to bear down on the seat of the* 
chair as you sit. Newton's study of gravity made him see the con- 
nection between that force as it acted upon objects on earth and 
upon all celestial bodies in space, holding them in their orbits. 
He noted that a bullet. Impelled forward by inertia^ did not con- 
tmue in a straigB|, line but, because of the earth's gravitational 
pull, fell in a curve through the air (followed a ballistic trajec- 
tory), as shown in Figure 29 Newton formulated the basic la>vs 

^ of motion and gravity to explain the action of the celestial bodies 

and of an artificial sate'Mte of the earth. 

Newton's description of an artificial satellite appears in his great 

9 work. \1athematka\ Prinaple^ of Natural Philo^cfphy (Principia). 



ERIC 




SfACECRAFT AND THEIR BOOSTERS 




Figuft 29. BAUISTIC TRAJECTORY. A bulltt fir*d from o gun follows o bollisttc tro|tc- 
tory likt thot shown obovt Tht bulltt is od*d upon by o forct rtsultmg from both 
intrtio ond grority. Intrlio ttndi to propyl tht bulltt forword m o stroight lint, ond 
grovity pulls it toword tht c*nTtr of tht tarlh. A rocktt boosttr follows a modifitd 

ballistic trojtctory. 

published in 1687. Newton was interested only in the theory of a 
satellite, however, not in producing one. He was actually describing 
the motion of the natural satellite of the earth, the moon. To make 
his explanation clearer, he described how man might himself create 
an artificial satellite that would follow the same laws that the moon 
does. 

Following Newton*s explanation, try to imagine a very high 
mountain, well above the earth's atmosphere, with a gigantic can- 
non placed on top of it. The cannon is pointed horizontally, or 
parallel to the earth's horizon. If a relatively small amount of gun- 
powder is placed in the barrel and the cannon is fired, the ball 
will go only a short distance before it falls back to the earth 
(Fig. 30). Suppose that more gunpowder is used and greater 
speed is imparted to the cannonball each time it is fired. The 
cannonball would travel farther each time until finally it would 
not fall back to the earth but would follow a curved path, or orbit, 
around the earth The cannonball vvould then be an artificial satel- 
lite of the earth. 

Newton described only the theory of the artificial satellite. There 
was no mountain high enough or cannon powerful enough to 
make the plan practical. But substitute a modem rocket booster, 
like those described in Chapter 2. for both the very high mountain 
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and the giant cannon, and you have the theory for launching an 
actual artificiai i>atellite, or spacecraft, to orbit ihe earth. 

For producing an artificial satellite of the earth, or a space- 
craft orbiting the "earth, three, conditions must be met. (1) the 
spacecraft must %q orbited above the earth's atmosphere, where 
there is no appreciable amount of atmospheric drag, (2) the 
spacecraft must be propelled forward fast enough; and (3) it 




F»gur» 30. THEORY OF AN ARTIFICIAL SATELLITE. Str Isaac Ntwton txplaintd tht^ 
^ theory of on oftifieiol sattllitt by tmogining a cannon fir*d from a very high moun- 

toin. Eoeh hnCe tht eonnon was fired, more gunpowder was added, ond each time the 
eannonbo],(;%yent farther. Fmoily o'^pomt was reached when the cannonball would no 
longer fall back to the eoiih Insteod it would follow a path parallel to the curvature 
■r of the earth and remain in orbit It would then be on ortiftcial satellite of the earth 
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must travel in a path that follows the curvature of the earth. If 
all the conditions are met and the precise velocity is attained, 
the spacecraft will go into a circular orbit. If the velocity is con- 
siderably less than required, the spacecraft will fall back to the 
earth, just as the cannonball did in Newton's example. If the 
speed is only somewhat less or is somewhat greater than that 
required for a circular orbit, the spacecraft will go into an elon- 
gated, or ellipticaK orbit (Fig. 31). 

As the rocket booster launches the spacecraft into a low earth 
orbit, at a distance of about 100 miles above the earth, it will be 
traveling at a^ velocity of about 17,500 mph. Spacecraft orbited at 
higher altitudes require Icbs velocity, but it takes much more rocket 
thrust to boost them to these higher altitudes. As the third or final 



LAUNCHING ON A PATH PARALLEL TO THE EARTH 




Less than ^ 
circular velocity 




Circular velocity 




Greater than^ 
ctroiiar velodiy 



Figurt 31 SHAPE OF ORBIT AND VELOCITY The kind of orbit thof a spacecraft gaes 
inIa dtpencis upan its velacity at launch. All spacecraft that arc jucceiifully arbitod 
are launched precisely harliantaMy, ar an a path parallel ta the earlh, and within a 
ctrtain vtlaclty rangt Jf the velacity is exactly that required far arbiting at the .alti- 
tude rtachtd, the spactcraft gaOs inta a circular arbif. If the velacity is samtvN'hat, less 
ar samewhal mare, the arbit is an tllipst. 
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Figure 32. INJgCTING A SPACECRAFT INTO ORBIT. The diagrar^ above shows the 
five principal steps followed as a three-stage booster launches a spacecraft. Note that 
the pafh of the spacecraft is precisely parallel to the surface of the earth at the time 
of orblhng. Each step in the launch is care^jly timed and controlled. 

Stage of the booster burns out, explosive bolts fire, the shroud of 
the spacecraft drops away, and the spacecraft is injected into or- 
bit (Fig. 32). The spacecraft is now on its own. 

To understand why a spacecraft continues to travel in an orbit 
around the earth after it has left the booster, you need to take 
a closer look at the forces that are acting upon it. When the space- 
craft leaves the booster, it is propelled forward by the force given 
to it by the booster. According to Newton's first law of motion,, 
the law of inertia, the spacecraft (or any object) tends to remain 
at rest or to continue in motion in a straight line unless acted upon 
by an outside force. The spacccriift. propelled forwiird by the force 
^imparted to it by the rocket booster, tends to continue m motion 
in a straight line. The inertial force in this case is a centrifugal 
force, or one that pulls the spacecraft away from the center of the 
earth. At the same time the earth's mass, or gravity, is attracting 
the spacecraft toward the center of the earth. The centrifugal 
force and gravity act in opposite directions (Fig. 33). 

If the velocity of a spacecraft is the exact velocity required ' 
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^ ^ Centrifugal 
(inertia)) force 




Figure 33. CENTRiFUGAi. FORCE VERSUS GRAVITY (CIRCULAR ORBIT) The balance 
between centrifugal force and gravity keeps a spacecraft in a^bit. If the farces balance 
exactly at every paint alang the spacecraft's path, the arbit is circular. 

for orbiting at a particular altitude, the centrifugal force (inertial 
force) and gravity balance. The spacecraft then goes into a cir- 
cular orbit, and the speed of the spacecraft is the same at all 
points in the orbit. Actually the velocity of most spacecraft upon 
orbiting is somewhat less or somewhat greater than the amount 
required for a circular orbit. Therefore* most spacecraft go into 
an elliptical orbit. 

When the orbit is elliptical, the speed of the spacecraft is not 
the same at all points in the orbit. The centrifugal force and grav- 
ity are not in balance at all times. When they are not in balance, 
gravity causes acceleration of the spacecraft until a balance is 
reached. Suppose that the velocity of the spacecraft is somewhat 
greater than that required for a circular orbit. In this case the space- 
craft starts to arc out from the earth after it is put into orbit. It 
will continue to travel along this arc until its velocity gradually de- 
creases. Then gravity causes the spacecraft to fall toward the center 
of the earth. (Fig. 34). As the spacecraft falls, its speed increases. 
Then it starts to arc out from the earth again until it slows down 
once again. Then gravity overcomes the centrifugal force, and the 
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Figure 34. CENTRIFUGAL FORCE VERSUS GRAVITY (ELLIPTICAL ORBIT). If o jpocecroft 
IS in on ellipticol orbit, centrifugo) force ond grovity ore not in bolonce ot oil points 
olong the orbit If the velocity of the spocecroft m orbtt tj jomewhot greoter tKcrti 
cifculor velocity, the spocecroft begins to ore ootwOfd. Ar^l does 'so, its velocity 
grodoolly decreoses until grovity becomes dominont. ond the s)j^cecroft foils toword 
the eofth As it foils, its velocity increoses, ond the process conti^^oes to be repeoted. 

spacecraft falls toward the earth again. It falls'lust enough to %QQd 
it up again, and the process continues to be repeated. 

A spacecraft that is in orbi(,and is not disturbed by another force 
(the propulsive force of an engine) is in a condition of weightless- 
ness. The spacecraft and everything in it*have no apparent weight. 
In this situation the gravitational force acting upon a body tends to 
be balanced by equal and opposite centrifugal (inertial) force. The 
only force causing acceleration, or an increase in speed, is gravity, 
as noted above: When the spacecraft falls toward the earth, it is in a 
condition of free fall, but this situation exists during only part of 
the time the spacecraft is in a weightless condition. Weightlessness 
is sometimes referred to by the term zero gravity, which is'descrip- 
tive but not accurate. The force of gravity seems to disappear 
because it is balanced or cancelled out by another force (centri- 
fugal or inertial force), but gravity force docs not really disappear. 

The balance of forces that causes -a spacecraft to remain in orbit 
might be compared with the balance of forces that exists when you 
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swing a bucket of water at the end of a rope (Fig. 35). The 
centrifugal force holds the water in the bucket, and the bucket is 
held in place by the r(^pe, which represents the earth's gravita- 
tional pull. As you swing the bucket around faster and faster, the 
centrifugal force increases until it finally causes the rope to break 
and the bucket is hurled away. If the velocity of a spacecraft is 
greatly increased, the centrifugal force will finally overcome grav- 
ity, and the spacecraft will escape from (he earth. 

Once man could successfully launch spacecraft into earth orbit, 
' he was ready to generate the high velocities that would allow 
them to escape from the earth and go on more distant voyages. 
Spacecraft can become artificial satellites of the moon, of another 
planet, or of the sun (artificial planets). 

As a spacecraft leaves the gravitational force field of the earth 
and comes within that of another body, the gravity force of that 
body becomes dominant, and it is necessary to know the amount of 
this force. Scientists are able to compute the gravitational force act- 
ing upon a spacecraft by applying Newlon's law of universal gravi- 
tation. This law states: Every body in the universe attracts every 
other body with a force that is directly proportional to the prod- 
uct of their masses and inversely proportional to the square of the 
distance between them. \ 

Every body in the universe, from the largest star to the smallest 




BALANCE OF FORCES 



l!*CR£AS£l«C£NTmFUGAl FOWE 



Figure 35. INCREASED VELOCITY AND ESCAPE. A comparison con b« mode between 
o spocecroft in orbit ond o swinging bucket. If the bucket ts swung just fost enough 
to creote o bolonce of forces, the rope (grovttotionol force) holds, ond the woter 
remoins in the bucket. If the bucket is swung foster ond foster, o point will be 
reoched when the ropo (grdvttotionol force) will breok, ond the bucket will be hurled 
owoy. A spocecroft escopes from the eorth if its velocity is increosed until centrlfugol 
force overbolonces grovlty. 
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particle of matter, attracts every other body, and the force of the 
attraction is called gravity. Since the mass of a spacecraft is very 
small in relation to the mass of a celestial body, the weight of the 
spacecraft is negligible. The problem then becomes that of com- 
puting the gravitational pull on a body of negligible weight moving 
within a central force field. The amount of gravitational pull ex- 
erted on a spacecraft depends upon its distance from the center 
of the body and upon the mass of that body. The moon's grav- 
itational pull, for example, is only one-sixth that of the earth. The 
giant planets would exert a much stronger gravitational pull on a 
spacecraft than the earth does. 

With the knowledge of the gravity force qf the moon and the 
planets, scientists were able to plarf the orbits and trajectories, or 
the pathways, of spacecraft that would go on more distant voyages 
and perform more difficult tasks. 

ORBITS AND TRAJECTORIES 

The management and control of unmanned spacecraft and the 
navigation of manned spacecraft consist first of all in computing 
the orbits or trajectories that ihhc spacecraft must follow to place 
them in the position intended^JSpace travel is essentially ascent 
from the earth and travelxSlong an orbit or trajectory. Some- 
times the mission ends in descent to another celestial body, but 
usually the spacecraft continues to orbit in space. At this stage 
of space travel the United States has landed spacecraft on the 
moon only, and only parts of spacecraft have returned to make 
reentry through the earth*s atmosphere. Most spacecraft hgve been 
sent out to orbit the earth and remain there, or to fly by another 
planet and become a satellite of the sun. 

When the required orbits and trajectories are plotted for the 
voyage, the^ spacecraft is launched so that it will follow the planned 
pathway as closely a^ possible. If inaccuracies develop in the path of 
the spacecraft, a rocket, engine in /tfiT spacecraft is fired, zM a 
midcourse correction is made. Space^aft that orbit the earth do not 
require a change in orbit unless they have a special mission to per- 
form. Wh€/n a spacecraft is to be maneuvered, its course is planned 
to combine as many operations as possible into one. This i^ done 
to keep ^rom firing the engine more than necessary and -thus 
save valuable propellant. j - * 
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To get a better idea of how spacecraft travel, it is necessary 
to know more about the shape of their orbits and trajectories. 

Shape of Orbits and Trajectories 

The terms orbit and trajectory are used to refer to the flight 
paths of spacecraft or of other bodies in space. In describing 
spacecraft, scientists generally use the word orbit to refer to a 
closed pathway, such as a circular or elliptical ©rbit. They use 
the term trajectory to describe an open path that has a definite 
beginning and end. Thus they talk about a spacecraft that is ift 
orbit about the earth or the moon, or a spacecraft that is in- 
jected into a trajectory from the earth to the moon. 

To understand the mathematical properties of the orbits and 
trajectories that spacecraft follow, scientists refer to the sections 
of a cone. The pathways of all spacecraft can be located at some 
position on a cone. You might construct a cone by rolling up a 
pieqe of paper, and try to picture some of these orbits and trajec- 
tories for yourself. Figure 36 shows how to locate the prin- 
cipal kinds of orbits and trajectories of spacecraft as cross sections^ 
of a cone. 

The difference between the orbits and trajectories shown can be 
described in terms of velocity. A circular orbit is a special case, rep- 
resenting the exact velocity for orbiting a particular altitude, 
as noted earlier. If the velocity is somewj]^ greater or somewhat 
less than that required for a circular orbit^ the spacecraft goes into 
an elliptical orbit. If the* velocity becomes so great that gravity 
no longer holds the spacecraft in orbit, it is said to escape from the 
earth, much as the bucket in the example was hurled away when 
the rope broke. 

An escape trajectory is open-ended with respect to the earth % 
(or other body from which escape is made). When a spacecraft 
reaches the minimum velocity for escape from the body being or- 
bited, the trajectory attained (Fig. 36). like the circular orbit, 
is a special case. As the velocity increases beyond the minimum, 
the curve opens up and the spacecraft goes farther out into 
space.^TKe minimum velocity fpr escape from the earth is about 
25.000 mph. A spacecra/t traveling at this velocity would escape 
from the force field of jthe earth to that of the moon. At a veloc- 
ity of about 26.000 mph the spacecraft would escape to Mars, 
and at about 32.000 mph it would escape to Jupiter. In giving 
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Figuft 36 ORBITS AND TRAJECTORIES AS REUTED TO SECTJONS OF A CONE. Th» 
prinapo! kmdt of orbtti ond tro|*ctoritt of tpacccrofi are shown above They ore 
shown first tn cross section ond then os viewed when looking down on the cent 
Only o port of eoch tictipt trojectory <s shown 
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complete information about an escape trajectory, it is necessary 
to state the body from which the spacecraft escapes and the body 
to which it goes. 

In planning the orbits and trajectories* of spacecraft that are to 
be launched and in studying those of the spacecraft already in 
flight, scientists make use of the laws of Kepler. 

Johannes Kepler, once the youthful assistant of Tycho Brahe. 
made profound studies of the movement of celestial bodies. These 
studies established the fact that the sun. not the earth, is the center 
of revolution of the solar system. From Kepler's works astronomers 
derived three basic laws about the movement of bodies within the 
solar system. These laws, which also apply to the movement of 
spacecraft, are stated as follows: 

1. Each planet moves around the sun along an ellipse, the sun 
being at onQ focus of the ellipse. 

2. The radius vector, of each planet (the line joining its center 
with that of the sun) moves over equal areas in equal tirties. 

3. The square of the period of each planet's revolution around 
the sun is proportional to the cJbe of its mean distance from the 
sun. 

With Kepler's laws as a foundation, scientists are able to describe 
the nature of the elliptical orbits of spacecraft, and they make 
precise calculations about the time that it will take for a spacecraft 
to" move through different paffT of its orbit, as well as the 
period (the time it takes the spacecraft to- make one complete 
revolution). To enable you to interpret reports that scientists make 
on the orbits and trajectories of spacecraft in flight, it is helpful 
to note the application made of Kepler's first two laws. 

The planets like most spacecraft move/in elliptical orbits. The 
orbits of most planets are so little flattened, however, that they 
are almost circular. The orbits of spacecraft may vary from being 
almost circular to being highly flattened or elongated. The shape 
of the orbit that a particular spacecraft is placed in depends upon 
its mission, which determines the points in space to be reached. 

To distinguish between a circular and an elliptical orbit, it is 
helpful to consider an ellipse with a noticeable amount of flat- 
tening, or elongation. An ellipse can be drawn by making use of 
a pencil, a piece of string, and two pms. as shown (Fig. 37). 
The position of each of the pins ^ marks a focus (plural foci) of 
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the ellipse. In case of a spacecraft orbiting the earth, the earth 
(not the sun) is at one focus of the ellipse. 

The point in the orbit at which the spacecraft approaches 
closest to the earth is known as the perigee (from two Greek 
words meaning near the earth). The point at which the spacecraft 
is farthest from the earth is known as apogee (m^tming away 
from the earth). Usually the orbit of a spacecraft is given in 
' terms of its altitude at - perigee and apogee. 

Another way of describing a spacecraft's orbit is to give its 
period. The period of the Mercury spacecraft, or the time re- 
quired to make one complete revolution of the earth, was about 
90 minutes. The Mercur> spacecraft was put into an elliptical 
orbit around the earth at a low altitude. 

To compare the periods of spacecraft orbited at different al- 
titudes, it is necessary to consider circular orbits. The period is 
progressively longer as the satellite or spacecraft is orbited at a 
higher altitude. Some examples of circular orbits at different al- 
titudes and their periods are given, below: 



Height above the earth's 

surface, mtles Period 

100 1 hr 28 mm 

200 . , 1 hr 30 mm 

300 ! I hr 34 mm 

22300 '23 -hr 56 mm 

239,000 27 3 days 



spacecraft orbiting the earth above the equator at an altitude 
of 22.300 miles would have a period equal to the time required 
for the earth to turn once on its axis. Such a satellite would re- 
main above the same area of the earth as the earth turned be- 
neath it. The movement of this spacecraft is synchronous with 
the rotation of the earth. The spacecraft is said to be in an earth 
synchronous orbit (stationarv orbit). The last orbit given is that 
of the moon, the earth's only natural sateUite.' which has a period* 
of 27.3 days. 

When spacecraft are in an elhptical orbit, they do not travel at 
the same speed at all points of their orbit/ as explained earlier. 
Kepler's second law, that of equal areas, tells why this is true. At 
apogee the spacecraft is traveling at its lowest speed, at perigee 
at its highest speed. Figure ^8 .shows how this is explained in 
tejms of equal areas. 
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Figurt 37 AN EUIPTICAI ORBIT. An •ilipticol orbit can be drown with Jtrmg ond 
pinJ OS shown obove. The pins mork fhe foci of the eltipM (F, ond F:). \i th« 
orbit U thot for on torth sofeJlife, th« eorlh a ot one focus of th« ellipse (fi). Ptrigee 
(point closest »o th« earth) ond opoget (point forthest from th« torlh) or* ot 
oppostt* 9n6% of the mojor axis. 




Figure 38 KEPIER S tXW OF EQUAl AREaS This second low of KepUr s stotes thot 
th« rodius v«ctor il»ne joining th* eorth s center with the spocecrofl) movts ov«r 
•quo! oreos in equol time Areo A equols Areo ft, ond the time for trovtl from Pt 
to Pt equols th6t for trovel from Pt to P.. Since the ore between P, ond Pi is 
larger then that between Pa ond P«, the spoctcroft trorels fosttr ot pertget than 

o1 opog««. 
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Planning the course of a spacecraft, then» becomes a matter of 
accurately plotting its position in space according to precise laws. 
The shape of the orbit or trajectory that a particular spacecraft 
is placed in depends»upon the mission. This is planned to begin and 
end at a precise time, and all 'maneuvers to be made during the 
mission are planned in terms of points to be reached on an orbit 
or trajectory at a specified time. In the course of space travel cer- 
tain orbits and trajectories have been put to use for special pur-,^ . 

poses. 

Special Orbits and Trajectories 

Most spacecraft are launched from Cape Kennedy toward the 
east, the same direction in which the* earth is rotating. This allows 
the velocity imparted by the rotating earth ta^j^e added to the ve- 
locity generated by the rocket booster. 'V^fen spacecraft are 
launched ^ue east from Cape Kennedy, they are put into an orbit 
inchned about 29 degrees to the equator (Fig. 39). The reason 



PoUr Orbit 




Ofti't 



Hichiy tflcfined 
Ortit . 



Orbit 01. 

lauDCbeddue 
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Figurt 39. ORBITS IN DIFFERENT PLANES Abovt art ihowo iom« of tht plants 
of tarlh lattllitti. Tht ntar tquatorial orbit shown at tht right (latitudt 29* N 
and S) \\ that fallowtd by ta^h sattllitti latjnchtd dut eait from Cap* Ktnntdy. 
By now tarlh sottllitts havt b»»n iounch«d at about all d*grtti of mcimatton from 

0 to 90 d*grt«t. 
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for this is that Cape Kennedy is about 29 degrees north of the 
equator (about latitude 29" N.). A spacecraft that is to be put 
directly into an equatorial orbit would have to be launched due east 
at the equator. If spacecraft are to be launched from Cape Kennedy 
into a highly inclined orbit (one at a large angle with the e^j^tor), 
they must be equipped with an engine that cap be fired upon radio 
command from the earth to allow a change in orbit after launch. 
Spacecraft that are to be put immediately into a polar orbit are 
launched from the Western Test Range at Vandenberg Air Force 
Base, California. From this range they travel south and quickly 
reach the Pacific Ocean, where their rocket boosters do not pre- 
sent a hazard to inhabited areas. Spacecraft launched into a 
polar orbit can survey all portions of the earth as it rotates below 
them. 

A special earth orbit according to altitude is the earth syn- 
chronous orbit (stationary orbit) at 22,300 miles above the earth's 
equator, just described. Communication satellites and other space- 
craft that must remain in a fixed position in relation to the earth 
are placed in this orbit. 

Figure 40 shows orbits and trajectories for sending spacecraft 
to the moon. ^ 

The first of these pathways into deep space is the parking orbit. 
When it is difficult to get a spacecraft in the right position with 
a direct launch from the earth, the spacecraft is first put into a 
parking orbit around the earth. The spacecraft coasts in this orbit 
until it reaches the right point for launch into deep space. Then the 
final rocket stage, which has remained attached to the spacecraft, 
is fired to send the spacecraft off in the right direction into deep 
space. The parking orbit was used by the later lunar probes, and 
it is used by the Apollo spacecraft going to the moon. 

The second pathway is the direct earth-moon trajectory. This 
course is a theoretic one as far as the United States is concerned. 
The successful US Ranger spacecraft, which made hard landings 
on the moon, were not put on a direct earth-moon trajectory. They 
were first put into a parking orbit. 

The third course shown is the figure-of-eight trajectory, or the 
free-return trajectory. The Apollo spacecraft is placed on this tra- 
jectory, rather than on an escape trajectory, as it begins its flight 
to the moon. If trouble should develop early in the flight, the 
astronauts can loop around the moon and return to the earth 
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Parking Orbit Direct Earth-Moon Free Returri Flyby Trajectory 

Trajectory Trajectory 



Figur* 40. ORBITS AND TRAJECTORIES FOR LAUNCHING SPACECRAFT TO THE MOON. 
Most US probts of the moon were first put into o porkmg orbit oround the eorth 
A probe moking o herd lending on the moon could be put into o direct eorth- 
moon trojectory. The neutroi point shown on the direct eorth-moon trojectory obove 
morks the point where the spocecroft leoves the grovity force field of the eorth 
and enters thot of the moon. All Apollo moon flights begin on o free-return trojectory 
The eorliest US probes of the moon were put on o flyby trojectory. 

Without firing the big propulsion engine in the spacecraft. If all is 
we!! when the moon trip is underway, the astronauts fire the 
propulsion engine to put the spacecraft on what is called a mixed 
trajectory, or one directed toward the landing site selected for that 
particular flight. 

The fourth kind of pathway shown is the flyby trajectory. 
This- is an escape trajectory from the earth to the moon (or 
planet being probed). Such a trajectory allows the spacecraft to 
obtain information about the moon or planet from a distance. 
All the Mariner spacecraft launched to the vicinity of Venus and 
Mars during the 1960s were put on a flyby trajectory. 

Just as soon as a spacecraft starts travel on its orbit or trajec- 
tory, tracking begins. 
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TRACKING SPACECRAFT 

After the spacecraft is launched, the Space Center at Cape 
Kennedy turns it over to the control of the agency responsible 
for it. The Manned Spacecraft Center at Houston, Texas, 
takes over control of spacecraft piloted by astronauts, for ex- 
ample. Unmanned spacecraft making a flyby or orbit of one of 
^ the planets are controlled by the Jet Propulsion Laboratory at 
Pasadena, California. Communication satellites are turned over to 
the organizations that pay for orbiting them. Even after NASA re- 
linquishes control of a spacecraft, its stations continually track them 
and brovide information to the agency that controls the spacecraft. 

NASA trackiAg stations are distributed worldwide (Fig. 41). 
These stations receive signals from space through the aid of large 
radio antennas. Except when spacecraft ai;e^locked out from the 
earth by passing behind another celestial body, they are in con- 
stant communication with the earth. It is especially important that 
manned spacecraft are kept continually in communication with 
Mission Control at Houston, Texas. Important decisions involv- 
ing the astronauts' safety must be made during a mission, and these 
can usually be made only at specific points on the orbit or tra- 
jectory. 

There are four means of tracking spacecraft: (1) visual obser- 
vation, (2) specially designed cameras, (3) radar, and (4) radio. 

In the beginning of space travel amateur observers helped to 
track spacecraft in orbit. They watched for such objects as the 
large Echo balloon satellites, which could be seen with the naked 
eye. They also followed the course of smaller satellites that were 
not visible to the naked eye. Some of these could be observed 
with a pair of good binoculars, but these satellites required care- 
ful watching. Small satellites are difficult to follow as they move 
among the stars at night, or as they are seen only dimly along 
the horizon at sunset and dawn. 

Cameras have long been used with telescopfes for the study 
of astronomy. Giant cameras specially designed for the purpose, 
such as the Baker-Nunn Camera, arc used for recording the or- 
bits and trajectories of spacecraft. 

Like other bodies in space, artificial satellites cajb be tracked by 
radar. A radar pulse is sent out to the spacecraft, and a return 
signal is received. The equipment required for radar tracking is 
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highly expensive, and the method is not always reliable. Fiber- 
glass and other synthetic materials used in constructing spacecraft 
do not always give a radar return, and ' spacecraft are only very • 
small objects moving in the vastness of space. 

The fourth method, radio, is the most reliable of all, but it can 
be used only if the satellite is active— that is, if it has a radio * 
transmitter in.it (Fig. 42). If a command is to be sent to the space- 
craft, it must also have a radio receiver on board. In making use 
of radio, scientists devise electronic sensors and instruments for 
measuring and then transmitting the information by means of 
coded radio signals. The technique of transmitting by radio the 
results of measurements or observations which were made by in- 
struments in satellites is called telemetry. The word comes from 
two Greek words meaning measuring at a distance. 

Astronauts communicate with' the ground by means of voice 
radio, and messages are sent to' them in the same way. In addi- 




Figuf 47. TELEMETRY. A spactcroft usually carrits s*v«ral instruments that gathtr 
data OS cod*d rodio signais. Th« signols or* combined in th« spac«croft and trans- 
mitted to th« ground, as rfiown obov«. At th* ground station th« signals ar« decoded 
and separated into th« dnginal instrument, readings, such os d«gre« of t«fftp«ratur« 
or omount of radiation oVmagn«tism. A spoctcraft may t*l«m«t*r data to on« or 
mony stations as it trav«U through its orbit. 

72 



ERLC 



■■78 



ORBITING AND TRACKING SPACECRAFT 

tion, medical and biological information about the astronauts is 
communicated automatically to the ground by means of telemetry. 
* This aut(pmatic method of obtaining data by radio is the sole 

means of obtaining information from unmanned spacecraft that 
do not ret xm a protected capsule to the earth. 

A systeTi of telemetry transmits radio signals from instruments 
that mcasjre such quantities as temperature, density, and. radia- 
tion. Data is usually relayed to a central communications point 
in the spa cecraft, where it is collected and compiled into coded 
radio sign Us. These are sent to the ground on a designated fre- 
quency. A. ground station tuned in on the frequency receives 
the coded message, which is then unscrambled, or interpreted, 
US scientists and engineers have shown remarkable ingenuity 
in developing miniature instruments anjl electronic devices for ob- 
taining and assembling data in spacecraft and telemetering it to the 
ground. 

To keep information from being lost, more advanced telem- 
. ' etry systems store data on board the spacecraft. The signals from 
sensors and instruments are recorde(^on tapes, and the tapes are 
* stored. When the spacecraft approaches a ground station, the 
station transmits a radio signal to "ask" the spacecraft to broad- 
cast all or any portion of the data it has stored A tape recorder 
in the spacecraft then plays baok the data, and it is transmitted 
to the earth. 

Television is used for telemetry whenever pictures are needed. 
The Tiros, weather satellites, for example, took pictures of cloud 
cover and stored them on magnetic tape. Upon a signal from a 
ground station, the Tiros, transmitted the pictures io the earth. 
The specially developed television cameras used by the Apollo 
astronauts have enabled them to share their experiences in the 
spacecraft, in space, and on the moon. 

The giant radio telescopes located at astronomy observatories, 
like the one at Jodrell Bank, England, can be used to track sat- 
ellites and receive information from them. The dishes of such tele- 
scopes have not been constructed for this purpose, however, but 
rather for the study of radio astronomy. The large dish-shaped 
radio antennas located worldwide at iht NASA tracking stations 
are specially constructed for tracking spacecraft. Three of these 
ground stations, located at roughly equidistant points of the globe 
' — Gold^tone. California; Madrid. Spain, and Canberra. Australia 
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— communicate with spacecraft and the astronauts when in deep 
space. The gigantic new dish antennas (210 feet in diameter) 
that are being constructed at these stations (Fig. 43) have im- 
proved television coverage of the Apollo astronauts on the moon, 
and they will provide for communication throughout the entire 
solar system. 

NASA makes extensive use of radio in tracking spacecraft, but 
the other three methods — visual observation, cameras, and radar 
— are used to supplement radio. An efficient method of tracking 
is required to permit the stabilization and navigation of space- 
craft. 
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•STABILIZATION AND NAVIGATION OF SPACECRAFT 

When space scientists speak of the fjight control of spacecraft, 
tliey mean the stabilization of spacecraft and the use of radio com- 
mands to the spacecraft to cause equipment on board to operate 
autOTiatically. Astronauts navigate spacecraft in the sense that 




Figur* 43. GIANT DISH ANTENNA. This is the 210foot (in diam«ter} ant«nna at 
Goldston*, California. It is used for plonttary prob«s and for communicating with 
th« astronauts wh«n th«y are on th« moon or near it. Two similar giant ant«nnas, 
on« in Australia and th« othtr in Spain, will b« part of the NASA D««p Spac« 

Network. ► 
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they make adjustments, or midcourse corrections, to make small 
changes in the orbit or trajectory. In addition, they may make 
large changes in orbit or a series of small changes to enable them 
to rendezvous with another spacecraft — that is, search for another 
spacecraft and meet with it. Then the two spacecraft dock, or link 
together, and their power and electrical systems are joined so that 
they can operate as one unit. 

To change an orbit or trajectory, a spacecraft must have a 
powerful rocket propulsion engine. This engine operates on the 
same principle as the engines used in the booster. Only rocket 
engines will operate in the spacecraft, just as in the booster, be- 
cause only rocket engines carry their oxygen with them in the 
propellant and can therefore burn fuel and generate power in 
the vacuum of space. 

To make smaller corrective maneuvers to change the attitude, 
or position, of the spacecraft in the orbit in which it is traveling, 
small jet thnisters are fired. These create tiiiy pulses of power 
that 'steady the spacecraft (Fig. 44). Usually a spacecraft drifts 
during flight, much as floating objects drift on the water. The 
only way to steady the spacecraft is to use these jet thrusters, 
which arc tiny rocket engines (not air-breathing jet enginq^). 
The small thrusters are used on both manned and unmanned space- 

V 




Rgui^* 44. JET THRUSTERS USED TO CONTROL AHITUDE OF SPACECRAFT. Tiny 
jet thru$t*r$ may b* )acat*d at any point on a spacecraft >a contra) yaw ($id*wi$e 
mav*mtnt), pitch (na$*-up and na$*'dawn mav*ment), ar rail. Spacecraft ratat* 
abaut th*ir axis in tht same thre* dtr*ctibns a$ aircraft da. Th* j*t thru$t*r$ ar* 
fired Ja create a reaction thrust that steadies the spacecraft in its arbit. The tiny 
thrusters da not cause the spacecraft ta change arbit^ For making chonges in arbit 
a large raclcet propulsion engine Is used. ' 
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craft. The Apollo astronauts fire the small thrusters to adjust the 
attitude of their Spacecraft, turning it to control heating ;^d 
cooling in what they call the "barbecue mode." On unmanned 
spacecraft the jet thrusters are fired automatically to keep capi- 
eras, instruments, or comitlunications antennas pointed in the. 
right^direction. The same result may be obtained by spin-stabi- 
lizing *a spacecraft — that is, b> making it steady by spinning, much 
as a toy top is stabilized. 

A spacecraft may be equipped with retrorockets* These are 
rocket engines that fire in a direction opposite to that m which 
the spacecraft is traveling. Their action brakes the spacecraft and 
causes it to fall out of orbit. Retrorockets are fired to begin a 
descent trajectory to put the spacecraft into a lower orbit of to 
make a landing. 

Like the rocket booster, unmanned spacecraft must be equipped 
for automatic guidance and control if a correction in course is 
necessary. In addition, unmanned spacecraft are sometimes re- 
quired to perform orbit changes, descent, or other maneuvers. 
When spacecraft perform maneuvers requiring changes in orbit, 
they must ba guided in the course of the transfer from one orbit 
to another. E|esides inertial and radio command guidance systems, 
spacecraft maVe use of star tracking, or fixing on a star, usually 
the bright star*Canopus. The automatic star-tracking equipment is 
made to operateBy keeping instruments turned toward the star 
being used, much in the w^y that the human navigator in a ship 
or aircraft trains his astrolabe on different stars as he plots and 
checks his course. 

To provide electricity for operating the spacecraft's radios, com- 
puters, electronic instruments,, and the life-support systems 'on 
manned spacecraft, adequate electric power must be generated 
aboard the spacecraft. The vehicle may be equipped with con- 
ventional batteries, fuel cells, nuclear power plants, or solar cells 
for producing electricity, the solar cells have been developed for 
use in space. In the vacuum of space, the sun's radiation is not 
obstructed except for those periods when the spaccmft passes 
behind a planet. In space, sunlight can be used in its pure form 
by tiny solar cells, which convert sunlight into electricity. Since 
each cell can generate only a small amount of electricity, hundreds 



of such cells may b& required. These are exposed to the sunlight 
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F.guf. 45 PADDLE WHEELS CARRYING SOLAR CELLS The four poddle wheels an 
rht Explorer rejeorch satellite shown abovt , Explorer 30 corry mony tmy solor 
ctib The cells generate electnctty when exposed to sunlight m spoce Solar cells 
art source of tltctnc power for spactCroft 



on the surface of the spacecraft or on large paddle wheels that 
• protrude from the spacecraft (Fig 45), Solar cells can, of course, 
generate pov^-er only v^hen they are in the Minlighi. A battery 
backup is generally used during periods when the^acecraft is not 
2^in sunlight. ^ ■ i / 

|P|r The kinds of systems that a spacecraft h^sfor guidance and 
control and the means used to pov^er the systems depends upon the 
'spacecraft and its mission You can get a better idea of how 
spacecraft are guided and controlled by considering some of the 
unmanned and manned spacecraft that have been flown and the 
purposes they have served. 



TERMS TO REMEMBER 



celestial mechanics 
artificial satellite ^Hf 
gravity 



inertia 

ballistic trajectory 
centrifugal force 
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condition of weightlessness 

escape from the earth 

midcourse correction 

trajectory 

circular orbit 

elliptical orbit 

escape trajectory 

period of a spacecraft 

focus of an ellipse (two foci) 

perigee (nearest point of orbit) 

apogee (farthest point of orbit) 

equatorial orbh 

inclined orbit 

polar orbit 

earth synchronous orbit 

(stationary orbit) 
parking- ^bit 



direct earth-moon trajectory 

free-return trajectory 

flyby trajectory 

tracking stations 

telemetry 

television 

dish-shaped radio antennas * 
stabilization in orbit 
navigation of ^spacecraft 
rendezvous J 
docking 

rocket propulsion engine 
jet thnisters ^ ^ 
rctrorockets 
star traclci^gN^^ 
solar cells \ 
paddle wheels 1 




IDEAS TO REMEMBER 
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1. To become an artificial satellite of the earth, a spacecraft must meet 
three conditions, (a) be orbited above the earth's atmosphere, (b) be 
propelled fonvard fast enough, and (c) follow a path parallel to the curva- 
ture of the earth at the point of injection into orbit 

2. An artificial satellite follows the laws of celestial mechanics, just as 
the moon and other natural bodies do. An Artificial satellite is held in 
orbit by the balance of centrifugal force, (mertia) and gravity. 

3. A spacecraft in orbit is in a condition of wci^itlcssncss, 

4. Spacecraft follow a curved, p^th through space. A closed path is called 
an orbit, an open path a trajectory. The principal kinds of paths are the 
circular orbit, the elliptical orbit, and the escape trajectory. Most space- 
craft, like the planets, follow an elliptical orbit 

5. A spacecraft in an elliptical orbit does not travel at the samqf speed at 
all points in its orbit. Its ^>ccd is greatest at perigee and least at apogee. 

6 The length of the penod of a satellite or spacecraft increases with altitude 

# 

7. Spacecraft are tracked by stations located worldwide. There are four 
means of tracking spacecraft, (a) visual observation, (b) cameras, (c) radar, 
and (d) radio. The most reliable means is radio, but this can be used only 
when there is 'an operating radio transmitter in the satellite. 

» 

8. Spacecraft travel. along fixed orbits or trajectories. To make a change 
in their course, a rocket propulsion engine must be fired. The small jet 
thrusters are used only to stabilize spacecraft in orbit. 
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QUESTIONS 



1. How did Newton explain the (beory of an artifidaJ satellite of tbe eartb? 
How is this theory applied to sp^ctcndt orbited by modern rocket 
boosters? 

X What art tbe three cooditioiis that mnst be met for orbitfaig spacecraft? 

3. Why are objects in orbit hi a condition of wei^tlcssocss? Can tbe con- 
dition be reproduced on the earth? 

4. Why do most spacecraft go hito an ellipticaJ orbit? Draw an ellipse repre- 
^ senting the orbit of an earth saleUite, aow tht «ttflit« at perigee and 

at apogee. 

5. Docs a spacecraft hi a higher orbit hare a shorter period or a longer 
period? What is the period of a satellite hi an earth synchronous orbit? 
of the mooo? 

6. What is an equatorial orbh? a polar orbit? 

7. What is meant by a paridng orbit? What Idnd of spacecraft use tiiis 
orhlt? 

-^jName three means used for traddng spacecraft What is meant by 
ti^emetry? 

9 What means are used for trackhig the Apollo astrocauts and communicate 
ing with tiiem during the moon flights? 

10. What is mea^t by rendezroos and doddng? 

11. What is the porpose of the large propulsion engine used in some space* 
craft? For what purpose are the small thrusters oo spacecraft used? 

12. How does an unmanned spactcraft maneurer? How is it stabilized? 



THINGS TO DO* 

1 Look up the accounts of three recent space launches. Try to get data 
describing the orbit or trajectory that the spacecraft is followmg. If it 
is an earth satellite, find out its altiti/de at pengee and apogee. Explaui 
why the spacecraft was put into its particular orbit or trajectory. What 
has this to do with its mission? Were midcourse corrections made? 
Has the^ spacecraft been successful, or is it likely to be successful in 
performing its mission? 

2 If you arc especially interested in mathematics, demonstrate to the class 
how the orbits and trajectories of spacecraft are related to the sections 
of a cone. Show where these sections are to be found on the cone, and 
then make drawings showing how these sections' appear as one looks 
down on the cone. Put emphasis on the ellipse, as most spacecraft follow 
an elliptical orbit. Show the major axis and the minor axis of the ellipse 
and the foci. Explain why computer calculations are necessary to get 
the precision required for orbiting spacecraft Tell why some rocket 
boosters have failed to orbit spacecraft 
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3. Draw the orbits and trajectories followed by the Apollo astronauts on 
one of the flights to the moon. Explain in general terms how these flight 
p«ith6 were planned and how the astronauts navigated the spacecraft to 
keep It on course. 

4 Find out what you can about the telemetry system used for one of the 
unmanned spacecraft that had an especially interesting mission, such as 
the Surveyor or the Lunar Orbiter. How was the data collected and 
stored? How were the television cameras used? 

5. Study the means used for communicating with the Apolfc astronauts 
on the moon. What part of the NASA network is used at thraXime? How 
does the flight surgeon obtain medical data on the astronauts? How 
were we able to seci^ the pictures of the lunar module at liftoff? Note 
how the television coverage of the astronauts on the moon has been 
gradually extended as the flighf^ progressed Report to the class on your 
findings. 
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^IS CHAPTHt cksoibts H)» kimb ©f mU»lon» 
pfhtw^ by tf)* two Iar9« dosm of unm<mn«<j 
•pocwjfh rtMorch MfWHtM and opplicoitofls 
»o»riIHti, It tim about th» thrt«* klmJj of 
rt*wch MtttmM (1) tboM InvtsUfiotlna tb* 
fpoc» •nrlrofimtht ond tb^ •ortlv (2) tbo»« 
probing tb« moon, and (3) tboM probtng tfvt 
plovwts. It nomt* tfw mo«t important s«rits of 
•ekb kind of rtMordi tat«!Iit# and t»Us of 
torn* of tht most significant ^dI»cov«rit* mod* 
poulbW by rti»cfch talt»H#<, Ntxt tht chapttr 

~<i«crtB«tSt four klnffof application. sattlUfw: 
(1) commwnkatfon* wttUitn* (2) w«rtb«r joftl- 
0) novigotion sat«IMf, and (4) survty 
•attflitw. It t«lb obosit tb« progreu modt"with 
tb« applications iat«im*» and' dtscribts ont or 
mort stfks of «och Und of applfcotlohs $at«I- 
IIt». Whtn you hoY* studTtd thli chapttr, you 
sbowld b* obU to do th« following! (1) nam* 
ont ttrftf of tech of tht Ihrtt kindi of rt- 
starch softimwi (2) ttU ihrtt. significant dis- 
covtrits modt pqssibit by rtSMirch sattlHltSr 

' (3) namt tha -fbcr IcZnds of opplicafions saftt- 
nits, (4) dtscnbt^ tbt work dont by xomnwnlco- 
tJoni and wtothtr sotttlitts end namt ont strict 
of toch kind, qnd (5) dtscnT>t tht kind of work 
that might bt dont by navigation and survty 
sattintts In tht futurt. 



OF ALL the spacecraft orbited by the 
United States only about 4 percent have 
been manned. By the end of 1971 this 
country had made only 25 manned flights, 
but it had Jaunchcd more than 600 un- 
manned spacecraft into orbit. Although the 
manned flights, climaxmg m the lunar land- 
ings and the cxploratioa of the moon, 
represent the peak of US achievements in 
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space, (hey by no means tell the whole story of the progress 
made. Unmanned spacecraft have earned out investigations of the 
space environment that made the lunar voyages possible. Even 
more important, they have opened up possibilities for further ex- 
ploration of space that will contmue to produce results long after 
the Apollo flights are completed, many unmanned satellites 
are already performing useful tasks in space. 
^ Unmanned spacecraft that orbit the earth, or earth satellites 
as they are usually called, are able to perform a wide variety of 
tasks simply because of their unique position in space. Because 
they are^orbiting at some distance from the earth, they can "see" 
over large portions of the earth at one time. Without any addi- 
tional expenditure of fuel for propulsion, they continue in their 
orbit, making observations and measurements for an extended 
time. As long as their sensors and instruments remain active and the 
radio transmitter in the satellite can telemeter information to the 
earth, the useful life of the satellite continues. For this reason 
scientists and engineers strive to construct and equip satellites so 
that they are as reliable as it is humanly possible to make them. 

Lessons learned from orbiting earth satellites have been ex- 
tended to satellites sent to investigate deep space and to probe 
the moon and the two neighboring planets, Venus and Mars. 
US spacecraft have become hard-landers on the moon, and later 
soft-landers and orbiters of the moon. Other spacecraft have made 
flybys of Mars and Venus, and already one spacecraft. Mariner 9, 
has become a Mars orbiter. 



The first US spacecraft were research satellites designed to seek 
for new information. But this country moved forward quickly to 
put satellites to work, doing earth jobs that could be done better 
in space or jobs that could not be done on the earth, such as 
relaying messages across the ocean without underseas cable. The 
working satellites came to be known as applications satellites, 
sinctf^TB^ applied the knowledge obtained from space research. 
There are at present two large classes of unmanned satellites 
research satellites and applications satellites. 



V The first artificial satellites were launched as part of the pro- 
gram for the International Geophysical Year (TGY). an 18- 
'month period (1957-58) during which scientists of the world coop- 
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eraied to learn more about the planet earth and the effects of 
the sun upon the earth. Later the United States and the Soviet 

* Union extended their programs of research with satellites to mclude 
the moon and the two nearest planets. As the result of measure- 
ments made by research satellites during the fifteen years that they 
have been orbiting, results have been achieved that can best be 
described as revolutionary. They have changed the ideas that man 
had in the 1950$ about the earth, the moon, and the two neigh- 
boring planets. In addition, a number of totally new and unex- 
pected phenomena have been discovered. 

Research satellites might be ^^conveniently divided into three 
kinds. (1) satellites that in\cstlgate/thc space environment between 
the earth and the moon, what is called cblunar space, and the earth 
itself, (2) satellites that have probed the moon, and (3) saul- 
iites $ent to probe the planels. 

J" 

SateJIites Investigating Space and the Earth 

Even before satellites were put into space to make measurements 
^ of radiation, scientists realized that the earth's magnetic field was 
i affected by ionized radiations that come from the sun and from 
the cosmos beyond, but they did not have a clear picture of how 
these energy particles interacted with the earth's magnetic field. 
They knew that the earth, which acts as though it had a gigantic 
bar magnet /buried in its interior, is sfirrounded by an invisible 
magnetic force field (Fig. 46) The> understood that lines of this 
force field dip down to the earth at the north and south magnetic 
poles»^,.ajftj bulge out\^/ard high above the earth at the equator, 
but they did not^'^know where the limits of the force field lay/ 
Dr. James A. Van Allen (1914- ), a research physicist from 
Iowa State Univer^, after conducting experiments with rockoons 
(rocket^ fired from oalloons), concluded that energy particles en- 
tered the earth's magnetic field at the openings over the magnetic 
poles. But he was unable to determine what happened to these 
ionized particles once they entered the magnetic field. Therefore, 
"Ny^ Van Allen and other scientists were eager to put instrumcnt.s far 
out ilito space to make measurements that would help them find 

* out how cosmic rays and other ionized particles coming to the 
earth from space interacted with the earth's magnetic field. 

Although Explorer I was much smaller than the Soviet Sput- 

* niks, it made possible an important discovery. EquipfJbd with a 

S3 ^ 
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Figure 46 EARTH'S MAGNETIC FIELD One way ta picture this u ta imagine a 
gigantic bar magnet buried in the earth Th« pales af this magnet wauld be de- 
flected slightly fram the earth s geographic pates. The lines af magnetic farce would 
ore out from one mognetic pole to the other Some of the early US research satellites 
w«r# used to find out how rodiotions from space react to the earth s magnetic field 

Geiger counter and launched into a high earth orbit near the 
equator, it returned signals telling of radiation encountered. Finally 
the transmitter became silent, and observers on the ground as- 
sumed that the instruments had failed Suddenly Explorer 1 began 
to send signals again. Later it became silent once more. Scientists 
observed that the satellite became silent whenever it reached an 
altitude of about 600 miles The cause could have been either 
overloading of the counter 'or faulty instrumentation Testing a 
Geiger counter in his laboratory. Van Alien concluded that Ex- 
plorer I had encountered radiation too intense to record. Ex- 
plorer 3, equipped with tapes for storing signals, was able to re- 
cord radiation of much greater intensity. After examining the great 
store of taped signals transmitted by E^cpforer 3, Van Allen an- 
nounced discovery of the inner radiation belt Then began the sys- 
tematic ^arch for a second^adiation belt This second belt was 
discovered by Pioneer 3 at a distance of about 12,000 miles 
above the earth. By this time it was clear that at least some of 
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the ionized particle radiation that entered the earth's magnetic 
field was trapped in two wide belts above the equator, which 
came to be called the Van Allen radiation belts (Fig. 47). 

Tha early Pioneers, intended as probes of the moon, did not 
reach their planned orbits. Instead they were teamed with the 
Explorey satellites to map out the Van Allen belts and the mag- 
netic force field of the earth, as shown in Figure 48. Information 
transmitted by Explorer and Pioneer satellites showed that cpsmic 
rays were not the only kind of ionized particle radiation reach- 
ing the earth from the sun. These satellites in fact confirmed the 
presence of a stream of much more abundant ionized radiation 
in space, now known as the solar wind. Reports from the satel- 
lites showed that the solar wind created a shock front as it im- 
pacted with the earth's magnetic force field, flattening the bound- 
ary of the field on the sun side and stretching it out on the side 
away from the sun (Fig. 49). The newly defined magnetic blanket 
of the earth came to be called the magnetosphere. This magnetic 
blanket, together with the atmosphere, protects the earth from 
the deadly radiations that come from outer space, making it 
possible-for life to survive on the earth. 



iNN{8 VAN AlUN BELT 


0UT5R VAN AlUH lELT 























Figure 47. VAN ALIEN RADIATION BEITS. This artist's drowing shows o cross section 
of th« two doughnut shoped rodlotion belts surrounding the eorth. Note thot the 
belts ore shoped according to the eorth's mognetic force lines. Th« belts or« believed, 
to be formed from lonlred porticles of motter from outer spoce thot become trapped 
in the eorth's mognetic field. Scientists continue to study the Van Alien belts to find 
out more obout their noture ond extent. 
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Figure 48. PATHS OF EARLr RESEARCH SATELLITES EXPLORING THE EARTH S MAG 
NETOSPHERE The shoded portion shows the oreos of spocc swept over by these 
sotellites os the eorth orbits the sun during the yeor All ore US sotellites except Lunik 
7, on eorly Soviet moon probe. 

The Explorer ^ellites are the largest group of research satellites. 
By the end of 1969, more than forty Explorers had be6n launched, 
and th^program continues. Some of the later Explorers are knpwn 
by o^er names. Among these are the Intei^lanetary Monitoring 
Piriforms (IMPs) (Fig. 50). Usually launched mto highly elliptical 
Orbits, the IMP Explorers swing out to the vicinity of the moon 
and then return to a point near the eai|h, making measurements 
over a vast region of space. The most recent Explorers, the At- 
mbspherg Explorers, have on-board propulsion systems that will 
make it possible for them to change orbit and make detailed 
studies of the earth's upper atmosphere. ^ 

Although an Explorer rather than a Vanguard was the first 
US satellite orbited, the ihree Vanguard satellites that were or- 
bited made important contributions to space research. Th^ small 
Vanguard I, the 3l<4-pound second US satellite, made possible 
the discovery that the earth is somewhat pear-shaped rather thrtn 
a sphere slightly bulged at the equator, as formerly thought. By 



86 




UNMANNED SPACECRAFT 

Studying the orbits of satellites, scientists are able to make more 
precise measurements of the body orbited. In the case of the earth, 
the measurements have made possible more exact navigation and 
mapping. After the three Vanguard satellites were put into per- 
manent orbits, the Vanguard \|rogram was absorbed into the 
Explorer p/ogram. ^^-^^ 

The largest and most complex of the research satellites are the 
Orbiting Observatories, which carry telescopes and other instru- 
ments for conducting experiments. They are spin-stabilized to keep 
the instruments pointing in the right direction. There have been 
three series of Orbiting Observatories.* These have observed the 
earth. (Orbiting Geophysical Observatory, OGO), the sun (Or- 
biting Solar Observatory, OSO), and the stars (Orbiting Astronom- 
ical^ Observatory, OAO). Studies made by the OSO (Fig. 51) 




Figurt 49. CROSS SECTION OF THE EARTH'S MAGNETOSPHERE As tht solar wind 
strJkts ogoJnst the earth's mCignetic field, tt creotos o shock front. The solor wind 
then flows around the eorth's mognetic field, defining the boundory of the magneto- 
sphere. Ai the solor wind imports with the earth's mognetic field lines, it couses the 
magnetosphere to be flo^ened on the sun side of the earth ond pulled out on the side 
away from the sun Some rodiotion from oute^ spoce penetrotes the magnetosphere 
and becomes trapped in the earth's magnetic field, forming the Von Allen radiation 

belts. 
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Figure 50 AN INTERPLANETARY MONITORING PLATFORM (IMP). Satellites in this 
series are part of the, larger Explorer senes of research satellites. They are designed 
to measur* magnetic fields, cosmic roys, and the solar wind The IMPs are usually 
placed in a highly flattened elliptical earth orbit that reaches out to the vicinity of 
the moon. Such an orbit enables them to moke meosurements over on extended area 
of space and in the neighborhood of the moon. 



have given us valuable information about the Mature of the sun 
and tHe way radiations from the sun areSwrn^itted through inter- 
planetary space. 

The Orbiting Observatories arc important space research 
because they^Nwive shown ^how it is possible to make a whole 
new range of observations in space, free from the obscuring effects 
of the atmosphere. The earth*s atmosphere admits electromag- 
netic radiations from the sun at only three areas in the entire 
electromagnetic spectrum. The carth\ atmosphere is therefore said 
to have only three openings, or "windows'' (Fig. 52), to re- 
ceive electromagnetic radiations from the sun All other electro- 
magnetic radiations drc shut out bv the atmosphere The openings 
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or ^Sfindows,** in the atmosphere admit the following electromajg- 
netic rays: (1 ) visible light rays. (2) the short radio waves, and (3) 
narrow bands of infrared rays. Instruments in an Orbiting Ob- 
servatory or in any satellite in the vacuum of space can sense and 
record readings of any of the known wavelengths in the electro- 
magnetic spectrum (Fig. 53). 

The Orbiting Observatories report on distant bodies from their 
position in earth orbit. Other spacecraft are launched on escape 
trajectories to study the moon and the planets at closer range. 
These arc known as lunar or planetary probes. 

^ Ltnuur Probes 

To enable a spacecraft to reach the moon, which is traveling 
in its orbit around the earth, space scientists must direct the 
trajectpry to a point where the moon will be when the space- 
craft reaches it, not where the moon is at the time of launch. They 




Fi9ur« 51. TECHNICIANS PREPARING ORBITING SOLAR OBSERVATORY (OSO) FOR 
LAUNCH. This r«s«arch saUllite. succtssfully orbiftd ^q, March 1967. b«cam« OSO'3. 
It carritd nine •xp«riments. and thes« returned data. The data told scientists more 
about the nature of the sun and its influence on the earth's atmosphere. Note the 
white robes and caps that the technicians are wearing. Spacecraft and their boosters 
are manufactured and checked out under clean-room conditions. 
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Figure 52. WINDOWS" IN THE EARTH'S ATMOSPHERE FOR ELECTROMAGNETIC 
RADIATION. Abov* is shown a portion of the electromognetic spectrum witl^ the longest 
wavelengths ot the left ond the shortest at the right. The )hr«e red shaded oreas show 
the three bonds of electromagnetic radiation thot penetrate the earth's otmosphere. 
Th«st ore the so coKed windows, or openings, in the eorth's otmosphere for electro- 
magnetic rodiotiom The windows admit some radio waves, norrow bands of infrared 
waves, and visible light rays. The remainder of the spectrum is shut out by the 

eorth's otmosphere. 

must shoot ahead, much as the duck hunter does in order to hit 
his target. Con»puting the correct trajectory for a lunar probe, ad- 
justing the velocity of the rocket booster, and making midcourse 
corrections at first presented US scientists with difficult problems. 
Not only did the first Pioneers fall short of their mark as lunar 
probes, but four of the six Ranger spacecraft directed toward a 
hard landing 'on the moon failed to reach their target. 

Finally, in July 1964, Ranger 7 succeeded in hitting the target 
and in transmitting a series of television pictures as it fell toward 
the moon. The Ranger (Fig. 54), a large spacecraft equipped with 
television cameras and instruments, was designed, to take a serijes 
of pictures of one site on the moon as it sped toward a hard land-^ 
ing. The success of Ranger 7 was followed by that 6f Rangers 
8 and 9. 

No instruments on the Ranger spacecraft ^ survived the crash 
landing, however, ho matter what measures scientists took to^pro- 
tect them. What was needed were other kinds of spacecraft that 
could protect scientific instruments so that they could give ^scien- 
tists information about prospective landing sites and about the 
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moon generally. Preparations for the Apollo moon landmgs were 
undePAa), and more mformation about the moon was urgent!) 
needed. Experience gamed m launching the Ranger spacecraft hjd 
taught LS scientists and engineers how-to put a spacecraft into 
a parking orbit around the earth and then refire, the final rocket 
stage to put the spacecraft on an accurate trajector> to the moon, 
The way was open for more advanced spacecraft 

Two highlv automated spacecraft, 'the Surveyor soft-lander and» 
the Lunar Orbiter, followed on the trail blazed by the Ranger. Five 
of the seven Surveyors and all of the Lunar Orbiters launched 
were succe^^sful Not only were the tasks performed by these ad- 
vanced spacecraft more difficult, but their travel called for more 
maneuvers. As the Lunar Orbiier approached the mooiu retro- 




Frgwre 53 ORBlTlNG ASTRONOMICAL OBSERVATORY QAO UNHAMPcRcD BY 
EARTHS ATMOSPHJRc The OAO and other iotelhtei that of b t h gh obove the 
eorth t Qtmasphere. can moke oii>vcr>. ationi <n all wove c gth^ th<^ electrOTfognet < 
spettrom The OAO con ma^^ Jtudiei oi the ultrav»ole' t ght co-nmg from the star j 
This IS not posvtbie r abv*rvalorle^ on the earth The shaded portion of the above 
diagram shows the eiectromogne^c radiations »^^wt ai>» by >he earth s otmovphere 
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rockets were fired to brake the spacecraft and put it into an orbit 
around the moon. 

The Surveyor also had to be braked by firing retrorockets as 
it approached the moon. Then it began a descent trajectory simi- 
lar to that later used by the astronauts in their landings. As the 
Surveyor gradually went down to the moon, its descent engine 
was fired to cut down the speed of the spacecraft and enable it 
to make a soft landing on the moon. Since there is no atmosphere 
on the moon, neither wings nor parachutes can be used for eas- 
ing the spacecraft down to the moon. Oniy rocket braking can 
do the job. 

Surveyor 1, the first US spacecraft to make a soft landing 
on the moon, prepared the way for the Apollo astronauts to 
follow in their lunar module. This Surveyor and the one? that 
followed showed that the moon's surface could withstand the 
shock caused by landing a heavy spacecraft, and the Surveyors 
provided more precise information about landing sites. Two of the 
Surveyors even released a "gold box for making chemical tests of 
the lunar soik(Fig. 55). 

iThe Lunar Ortutcr (Fig. 56), equipped with scientific instru- 



picVjres, transmitted much information and thousands of detailed 
pictures of the moon used for^ study of sites and for -mapping. 
The wiggles that showed up in the pathway of the Lunar Or- 
biters, as they traveled around the moon, gave the first clues tQ 
the existence of the moon's raascons (mass concentrations of 
matter). These large chunks of matter seem to be scattered be- 
low the surface of the moon, much as raisins are mixed inside 
a cake. 

The later lunar probes made real progress in preparing for the 
Apollo moon landings. Lessons learned from these probes are also 
being applied to probes of the planets. 



During the first 14 years of space travel (1958-1971), the 
United States concentrated its efforts on probes of the two neigh- 
boring planets. Venus and Mars. The Mariner spacecraft, which 
can be instrumented to suit a particular mission, was modified for 
use for all these planetary probes. 




laboratory for developing its own 



Pitnetary Probes 
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F.gof* 55. SURVEYOR SPACECRAFT ON THE MOON. Th*s remarkabU p»ctuf«, taktn 
by Survtyor 6 in 1967, jhowj the gold box deployed to moke chemicol tejij of 
surface material an the moon. The spacecraft telemetered data on the tests and 
television pictures of the surface af the moon at the landing stte The information 
telemetered by the Surveyor spacecraft helped m selecting landing sites for the 

astranauti. 

Up to 1971 Mariner spacecraft made only flybys of the planets, 
approaching more closely to the planet at each successive encounter 
and securing more information each time. Then in November 
1971, Marmer 9 (Fig. 57), the world's first planetary orbiter, 
went into position around Mars and began taking pictures as a dust 
storm on the. planet was endmg. We did not send spacecraft to 
make hard landings on the planets, as the Rangers had made on 
the moon. Flybys of the planets promised to give better results 
even if they were made at some distance from the planet Dur- 
ing a flyby instruments remain intact, and the Mariner can te- 
lemeter some mformation and transmit pictures of the planet as 
long as the spacecraft remains in the vicinity of the planets and 
its radio transmitter is operating. 
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If putting the Pioneer and Ranger spacecraft on a trajectory 
to the moon created problems for US scientists and engineers, 
they have even more difficult problems in putting the Mariner 
spacecraft on a fl>b> trajectory to Venus and Mars. The moon 
IS about a quarter of a million miles from the earth. At its near- 
est approach Venus is about 24 million miles from the earth 
and Mars about 34 million miles. Venus and Mars range out on 
slightly elliptic orbits around the sun, just as the earth does. 
Venus is on an orbit closer to the sun than the earth is and Mars 
on an orbit farther from the sun. In their travel in orbit, Venus 
and Mars are not always in a favorable position to receive flyby 
probes from the earth. Probes can be sent only when a favorable 




Figure 56 LUNAR O^KITER. Hhi\ orttst s cutowoy drowmg shows the Lunor OrbtUr 
toking tekvision pictures of th« moon The spocecroft wos stobiiized >n three ox*s 
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Figure 57 MARINER SPACECRAFT MODIFIED FOR ORBITING MARS The obove drowing 
shows the Mormer spocecroft thot begon orbiting Mors in November 1971. Nott 
the four solor ponels ond the nozzi* of the lorge rocket engine for moncuvering 
ot the top Tiny ottitude control jets ot the tip of the solor ponds were used to 
k«ep the solor pon«ls turned toword the sun The Morlner 9 spocecroft orbited Mors 
Ortd tooV "mony -prcturer of the surfoce feotur«s for use-^iiv mopping the plonet. 



opportunity, or a favorable position, exists. A favorable opportu- 
nit> exists t)nl\ once e\ery two vcars tor Mars, and once every 19 
months for Venus. 

When the favorable opportunity occurs, spacecraft are not sent 
10 Venus or Mars in a straight-iine course from earth orbit, as 
one might expect. Instead a probe is sent on a long curving es- 
cape trajectory, which amounts to about half an ellipse (Fig 58) 
This is done to save propellant in the rocket booster making the 
launch. At the present time there are no boosters powerful enough 
to put a spacecraft on a straight-hne course from one orbit to 
another Even if this could be done, it would not be the best 
course for a flyby mission As the Mariner spacecraft travels on the 
long curving escape trajectory, it gradualh approaches the planet, 
traveling for an extended period in the vicinity of the planet, 
where it takes piutures and gathers information that is telemetered 
to the earth. 
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Spacecraft launched to make a flyby of Mars, the outer neigh- 
bor of the earth, must gain speed to go into a larger orbit around 
the sun; they are launched in the direction of the earth's rotation. 
Spacecraft launched toward Ven6s, the inner neighbor, must lose 
velocity to fall into a smaller orbit; they are launched in a direc- 
tion opposite to the earth's rotation. 

In the decade that the United States has been making plane- 
tary probes, it has launched nine Mariner spacecraft. Of this num- 
ber, six have been successful. At first the Mariner flights were 
divided between Venus and Mars. The Mariners going to Mars 
took television cameras, but those bound for Venus carried no 
cameras but additional instruments. The lenses in the television 
cameras in use at the time were unable to pierce the dense cloud 
cover of Venus, whose atmospheric pressure was found to be 
75 to 100 times that of the earth. The later Mariner probes con- 




Figur* 58. TYPICAL MARINER FLIGHT PATH TO MARS. The Manner spacecraft travels 
on a iang curving escape trajectary from the earth to the vicinity bf Mors. Th« plan 
for a flyby shown above is similar to that used for the pair of Manner probes 
(Mariner 6 and 7) that flew by the planet in July and August 1969. The drawing 
shows the ^relative position of the earth, the Manner' spacecraft, and the ptonet 
Mors at 20*day intervals during the trip. 
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centrated on Mars because of the hope that some kind of living 
matter might be found on this planet. During the first decade of 
planetary probes, the Mariner spacecraft made the flights shown 
in Table 1. / 

Beginning in 1972, the United States will extend the reach of 
its planetary probes beyond Venus and Mars. Later Pioneers have 
become trail blazers for planetary probes, as planned. In March 
1972 the first Pioneer probe (Fig. 59) was launched to the vicin- 
ity of Jupiter, the largest of the giant planets. Another such probe 
IS to be launched in 1?73. Scientists have recommended that the 
United States extend the reach of its probes to take in all the 
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% TABLE 1 

Mariner Flights to the Planets 

Manner plunvt to Pate vf Date of 

number be Probed launch encounter Results 

' "^cnus 22 July 62 wcnt off coukc; was de- 

stroyed. 

2 . . . . Venus 27 Aug. 62 14 Dec. 62 Successful. Passed as close 

as 21,600 mi. and trans- 
mitted data. 

^ Mars 5 Nov. 64 Communications failed; 

lost. * 

^ Mars 28 Nov. 64 14 July 65 Successful, Took pictures 

of Mars from 6,120 mi. 

5 Venus 14 June 67 19 Oct. 67 Suctessful. Transmitted 

additional information. 
Passed within 2,480 mi. of 
Venus. 

6 Mars 24 Feb. 69 .11 July 69 Successful. Took many pic- 

tures from closer to planet. 

7 Mars 27 March 69 5 Aug 69 Successful. Took many 

pictures. Probes 6 and 7 
used as a pair. Much addi- 
tional information trans- 
^ mitted. 

8 Mars 8 May 7! Failed to orbit 

9 Mars 30 May 7! 13 Nov. 71 World's first planetary or- 

biter. Reached within 860 
mi. of Mars. To6k pictures 
for mapping 85 percent of 
the surface. 
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Figur* 59. PIONEER SPACECRAFT FOR PROBING JUPITER. A Uit modtl of th« Pion««r 
10 spoc«croft Is shown obove os it is being ch«ck«d outMh« Pion««r 10 wos bunched 
to the vicinity of Jupiter in Morch 1972. This Pioneer spocecroft is designed to obtoin 
scientific informotion on interpbnetory spoce, the osteroid belt between the orbits 
of Mors ond Jupiter, ond the pkinet Jupiter ond its environment. 
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planets in the solar system rather than concentrate all effort on 
the two neighboring planets. As scientists obtain information about 
the outer planets, they can make further comparisons and thus 
obtain a much better understanding of the solar system as a whole. 

While long-range plans for probing other planets are in the 
making, the United States is reaping a rich harvest of practical 
benefits from its applications satellites. 

APPLICATIONS SATELLITES 

The United States has pioneered in all kinds of applications 
satellites. By 1960, just two years after our first artificial satellite 
was launched, we had orbited an operating version of each kind of 
applications, or working, satellites. There are four kinds of appli- 
cations satellites: (1) communications satellites, (2) weather sat- 
ellites, (3) navigation satellites, and (4) survey, or reconnaissance, 
satellites, which class includes those satellites that survey earth 
resourcesX There is no special class of military satellites. The 
Armed F6rce§ can make use of all four kinds of satellites. 

In the necade or more that the applications satellites have been 
orbiting, ^they have been greatly improved and their usefulness 
extended. Communications satellites orbited by US rocket boost- 
ers are in regular use by the Intelsat organization, a 79-nation 
semicommercial enterprise; and reports from weather satellites are 
routinely used by the National Weather Service in preparing 
forecasts. 

Communications Satellites 

Live television programs are transmitted across the ocean through 
the use of communications satellites (comsats)* Without such satel- 
lites overseas television would not be practicable. But the transmis- 
sion of overseas television broadcasts makes up only about 2 
percent * of the present workload of communications satellites. 
Most of their work is done in the routine transmission of tele- y 
phone messages over long distances. The great need now is to put 
more communications satellites into orbit and to increase the 
channel capacity of each satellite so that more messages can be , 
sent. 

Before the time of communications satellites, it was neces- 
sary to relay radio signals across the ocean by underseas cables^ 
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and overland by means of tall relay towers spaced about 30 
miles apart. The shortwave radio signals used in television and 
ordinary commercial communications travel in a straight line- 
of-sight patlu They do not bend to follow the curvature of the 
earth. To enable radio signals to travel long distances, they arc 
now beamed from an earth station to a satellite, which relays 
the signals to another satellite or back to an earth station. Com- 
munications satellites act as tall towers or relay stations in the sky. 

The great advantage of artificial satellites for point-to-point 
communications was noted some time before the first artificial 
satellite was orbited. In 1945 Arthur C. Clarke (1917- ), 
who was then "chainpan of the British Interplanetary Society, pub- 
lished a magazine article in which he recommended that three 
satellites be equally spaced (placed abbut 120 degrees apart) in 
a synchronous orbit. From their perch high above the earth these 
three satellites could relay radio signals and provide communica- 
tions for the whole earth (Fig. 60). As pointed out in Chapter 3, 
a satellite placed in a synchronous, or stationary, orbit — an equa- 
torial orbit about 22,300 miles above the earth — continually "sees" 
over the same area of the earth. At the time, Clarke's proposal 
seemed so fantastic that readers of his article complained about 
making the public the butt of such a joke. Years later, when 
communications satellites were actually in orbit, the Franklin 
Institute in Philadelphia awarded Qarke a gold medal for his 
foresight. Much work had to be done, however, before the value of 
Clarke's recommendation Was appreciated. 



Before scientists and engineers could test the value of the 
synchronous orbit for communications satellites, they first had to 
put some kind of artificial satellite into orbit and then see if such 
a satellite could actually transmit radio signals. In 1946 the US 
Army bounced a radar signal off the moon, the earth's only nat- 
ural satellite. Although there was only a brief delay between the 
time when the signal was sent and when it was received, the delay 
was too long for the moon to have practical value for relaying 
radio signals. Artificial satellites, which could be placed in an orbit 
much closer to the earth, could return a radio. signal almost in- 
stantly and therefore would be more useful for relaying radio 
signals from one point to another on the earth. In December 
1958, under Project Score, an Atlas rocket carried a tape record- 
ing and a radio transmitter into an earth orbit. Upon radio com- 
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Figure 60 COMMUNICATIONS SATELLITES IN SYNCHRONOUS ORBIT, Three com- 
monicationi jafellitej placed' an equal distance opart in a synchronous orbit (an 
equatorial orbit at an altitude of 22,300 miles) would provide 24-hour communication 
coverage of the entire earth. Each satellite would move at thp jame rate that the 
earth rotates and would therefore remain aboVe the same area of the earth. 
Because of the difficulties experienced in getting satellites into an exact synchrbnous 
orbit, more" than three satellites are ,usec(^ to get complete coverage. 

mand from the earth, the tape recorder began to play back Pres- 
ident Eisenhower's Christmas message, and transmit it to the, earth. 
The, experiment shovved that radio signals could be transmitted 
from earth orbit. We were ready to launch our first communica- 
tions satellite. 

American scientists believed that the first operating conimunica- 
tions satellite should be largje and lightweight, permitting it to be 
easily located so that radio signals could be bounced from it. 
,Tne American rocket expert Wernher von Braun conceived the 
idea of producing a large reflecting satellite frQjn chemical foam 

rretensed in orbit. What finally resulted was Echo 1, the first 
large balloon satellite, which measured 100 feet in diameter. 
This satellite was made from a Myjar plastic casing covered with 
a thin coating of aluminum. The balloon inflated after reaching the 
vacuum of space simply from the jexpansion of the tiny amount, of 

.air left in the folded c\sing. .Echo 1 was orbited about 1,100 
miles above the earth, and radio signals were successfully bounced 
fi;om it, transmitting both television pictures and voice niessages. 
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All nations of the world .were invited to make use of the sateHite 

The Echo satellite was\an impressive sight in the sky, resem- 
bling a star of the first magnitude. The story is told that when 
Von Braun was attending a conference in Sweden, both he and 
the Soviet rocket expert Leonid I. Sedov were guests at an even- 
ing garden party. Sedov was twitting Von Braun about Ameri- 
ican slowness in space. Just at this moment the clouds parted and 
. Echo 1 Elided majestically into view. Von Braun pointed to the sky 
and sail, **But se^ what the Americans can do." 

After spending about eight years in orbit and being battered by 
the bombardment of inicrometeorites, or tiny specks of cosmic 
dust, Echo 1 reentered the earth*s atmosphere and \Vas burned up. 
A second Echo satellite was launched about foiiV years after the 
first one. The Echo satellites, besides bouncing back radio signals, 
were valuable in verifying the presence of th^ solar wind. These 
satellites were ^ large and lightweight that they wefe actually 
deflected from their orbit by the pressure of sunlight. 

The Echo satellites were passive communications saielbtes,^ere 
reflectors of radio waves. Thty were relatively cheap and easy^'to 
' produce, but the signals the> reflected were very weak ones, which 
/equired powerful ground equipment to receive them. WTiat was 
needed next was an active communications satellite, one that would 
receive radio sighals and rebroadca^ them to the earth (Fig. 61). 
With such'satellites in use, it would \iot be necessary to have si^ph 
highly sensitive receiving ^^^ment on the gajHind as was nec- 
essary with the Echo, satellites. ' - f> 

The US Army orbited .-Uie first active communications satellites, 
called the Courier satellites. They did not remain in orbit long, 
only long enough to show that active communications satellites 
would work. The first commercial communications satellite, Tel- 
star 1, orbited in 1962, was such ^ satellite,* and all others that 
have followed have likewise carriedf transmitters for rebroadcasting 
signals as they relay them to the earth.' 

Up to 1963 none of 'the communications satellites had been 
placed in the synchronous orbit, as Clarke *ad recojnmended. 
Therefore we had no data to tell us whether it was better to 
placr a few communications satellites in the synchronous, or sta- 
tionary, orbit, or to put more satellites into a lower orbit and re- 
lay the message from one satellite to another. B> February 1963 
we had developed enough rocket power and know-how to place 
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f.gwft 61. AaiVE AND PASSIVE COMMUNICATIONS SATELLITES TK# torty <ommun. 
cottons lottflitvs, like the 'Echo soteiiit«i, wer« poiitve sottNitts. Thty mtr«ty r«- 
fltclttd g fodto f^gnol Loter commumcotiorM sattilites. tikt thoM m tht commtrdoj 
lnl»]»ot »«r»«>, or« ocl*«« commwAtcottoni loteiUtei. TK«y rtbroodcost tK« ro^»o ttgrvol 
b«fof« rttvmtng tt to the torth Tha rtbroadcost iignol n much strongtr then tK« 
f«fl»ct»d signol ond do«s not r«qutfa such powtrfvl ground •^utpmtnt to rtc«iv« rt. 



a cominunications satellite in synchronous .orbit, and Syncom 1 
was orbited. Another S>ncom was launched about six months later. 
The results obtained with the two Syncom satelhtes were com- 
pared with those obtained with t\vo satellites launched into lower 
orbits (Relay 1 and 2). The study showed that the satellites placed 
m synchronous orbit were superior. Since that time all US com- 
munications satellites have been placed in that orbit or an approxi- 
mation of it. 

The most recent commercial communications satelhtes are des- 
ignated Intelsat followed b> a serial number These satellites arc 
orbited by NASA with American rocket boosters, and are then 
turned over to the Intelsat organization 

Because the synchronous orbit will have significant value for all 
kinds of applicrf^ons satellites — weather, navigation, and survey 
satellites, as well as communications satellites — NASA is making 
special studies of this orbit with tHe Applications Technology Sat- 
ellite (ATS) (Fig. 62). These experimental satellites combine 
studies that will help in the development of all four kinds of ap- 
plications satellites. 

An Applications Technology Satellite is scheduled to icsi a large 
directional antenna that will receive television signals sent to it from 
the earth and rebroadcast them directly to television receivers on 
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Rgurt 62. APPIICATIONS TECHNOLOGY SATELUH (ATSj BEING TESTED. Ttchniaont 
Of* rototing th« Applicattom T»€hnology Sottllit* to t«$t it$ ont«nno patt«m b«for« 
iognch. An ATS Ji put mto o iynchron3gi orbit, Sottllitn tn thi$ $«ri«$ or* uttd for 
testing ttchnoloyy for novigot»on ond w«oth«r tot*Utt«t, o$ w«ll at ^or commun»cat»on$ 
^ sottllrt*!, 

the earth yithoul the necessity of first going through a ground 
broadcast^g station. Such a system, called direct broadcast from a 
satellite/would be useful for mass education. An ATS is presently 
scheduled for trying out such a program in India. Large-scale 
^direct broadcast of television from a satellite to <ommuiiity re- 
ceivers or to home sets might be possible in the future. 

The immediate goal for growth in communications satellites is to 
make additionaj channels available for use. By February 1970 com- 
munications satellites provided more than 6,000 two-way com- 
munications channels. The first Intelsat 4,*put into service in 1971, 
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by itself provided some 6,000 two-way channels. Later satellites 
may furnish as many as 10,000 such channels. 

Like the communications satellites* the weather satellites have 
already proved their worth. 

Weather SateUltes 

Before the first weather satellites were in use, it was not pos- 
sible to get nfuch information about weather conditions over large 
areas of (he earth. About 75 percent of the earth is covered with 
oceans, and much of, the land area consists of uninhabited jungles, 
deserts, and frozen wasteland. Formerly only about 5 percent of 
the earth's surface was covered by continuous weather surveillance. 
With this coverage, it was not possible to view large areas of the 
earth at one time or get a picture of the movement of large air 
masses above the earth, which directly influences weather condi- 
tions on the earth. 

The first weather satellite. Tiros 1, launched in April 1960, 
was placed in a highly inclined orbit at a height of about 450 
miles above the earth. The Tiros satellite carried cameras that took 
a whole series of pictures of cloud cover at intervals of about 
IVi hours. This timing made it possible f^ weathermen to observe 
the nature of the cloud co^er, its movement, and the direction of 
the movement. Revolving around the earth as they did, the first 
Tifos satellite and the nine other Tiros satellites that followed it 
were able to photograph cloud cover over a large part' of the earth 
during a 24-hour period, ^ 

Weather forecasts became more reliable. *The cloud pictures, 
taken by satellites, such as that shown in Figure 63, detected the 
buildup of destructive storms and made it possible for the weather- 
man to track them and estimate when they might hit inhabited 
areas. But the multitude of pictures provided by Tiros satellites 
certainly did not guarantee that the weatherman v^uld make, no 
errors in his forecasts. Air masses do not always continue to move 
as expected. Since the cameras in the Tiros satellites cotdd not * 
take pictures during thp night or in bad weather, there were nearly 
always significant ga^ in the information provided by the Tiros 
satellites, as well as*by the Essa and the early Nimbus satellites 
that followed them. 

! Beginning with Nimbus 3, launched in April 19^9, weather sat- 

ellites carry both day cameras and bfrsuned cameras^'' which make use 
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Rguft 63. STORM CENTER PHOTOGRAPHED BY WEATHER SATELLITE Th.j photograph 
of tht whirling clouds and tht tyt, or ctnttr, of Hurricant Gtngtr was taktn by 
Nimbus 4 on 13 S«pttmbtr 1971 Tht sottllitt was then at an altttodt of about 690 
milts. Tht storm was somt 600 mitts tast of fttrmuda. 



of infrared (heat) rays to take pictures at night and in bad weather 
(Fig. 64). The improved Nimbus satellites also make a whole 
series of temperature readmgs and carr> many scientific instruments 
These satellites are in reality small weather stations in orbit. They 
should help us reach a much "better understanding of the origin 
and nature of weather conditions on the earth. All the Nimbus 
satellites, as well as the other later weather satellites, have been 
launched into a polar or near-polar orbit^from the Western Test 
Range at Vandenberg Air Force Basil? California. From their 
polar orbit, weather satellites are able to take pictures over almost 
all the earth each day. 
The Improved Tiros Operational Satellites (ITOS) (Fig. 65), 
♦ ^ like the Nimbus satellites, are equipped with infrared cameras. 
^1 ITOS 1 was launched m January 1970. Both the ITOS and the 

J Nimbus satellites regularly supply information to the National 

^ Occanographic and Atmospheric Acjministration of the US Depart- 
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ment of Commerce, oF which the National Weather Service is a 
part. 

Developments made with future satellites should enable the 
weatherman to give people earlier warnmgs about hurricanes, 
storms, and other natural disasters, and they should help him make 
more accurate long-range forecasts. In the course of time the sen- 
sors and cameras in the weather satellites will be improved even 
more, and other instruments will be added. The next step may 
be to place weather satellites in s>nchronous orbit, just as commu- 
nications satellites now are. 




Figurt 64. fNFRARED PHOTOGRAPH TAKEN BY WEATHER SATEUITiE* Thu photograph 
woi toktn by tht Improvtd Tiroi Op«rotionol SottlltU 1 (ITOS 1) on 19 Oclobtr 
1970, at on oltitudt of obout 860 miUt. it thowt th> Greot Loktt ond tht port of tht 
Eotttrn ttoboord txtsnding from Copt Hofttrot toword Novo Scotio. Tht block ortot 
ort wottr. tht groy ortot (ond, ond tht whitt ortot ctoudt. 
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Figur* 65. IMPROVED TIROS OPERATIONAL SATELLITE (ITOS) T«chnic»ons ort chtckmg 
this (TOS jn prtporotion for lounch, Tht ITOS wos modt posstbit os tht rtsuit of tht 
•xp«ri«nc« gointd from tht torly Tiros wtothtr sottllttts. 

. Navigation ^ateUites^ 

For centuries man steered his ships by locating his position in 
relation to that of the stars. Then he developed better time 
pieces and more precise mstruments to improve navigation. With 
the orbiting of navigation satellites, man took another step forward. 
He had an artificial star above the ocean by which he could steer 
his ships during the daytime and in bad weather. It was not neces- 
sary for a navigator to see the artificial star, only to have his 
radio messages received by the satellite and to be able to interpret 
ihe return. 

! The first navigation satellite. Transit IB, was launched in April 
1960. Other Transit satellites followed. These are launched into a 
polar orbit about 690 miles .above the earth. The Navy has several 
Transit satellites in orbit at one time to aid in the navigation of its 
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submarines and ships worldwide. A ship's navigator knows where 
the Transit satellites are, and he can get the exact position of the 
nearest Transit satellite in relation to the ship by consulting a 
specially prepared table— that is, if he has estimated his position 
accurately. To check his estimate, the navigator queries the sat- 
ellite with a radio signal/ -He* can tell by the satellite's return 
just how far his estimate was off, and he can then make the neces- 
sary correction in the ship's course. The^ system iof navigating by 
satellites calls for a series of ground stations, computers aboard 
ship, and tables showing the exact location of the navigation satel- 
lites. The Navy has released information about its satellite naviga- 
tion system so that this system can be put to use by commercial 
ships. The system is valuable in aiding ships and aircraft in distress 
(Fig. 66). 

The Navy, the Air Force, and NASA are not the only Govem- 
me.m agencies interested in navigation. The Federal Aviation Ad- 
ministration (FAA), as well as the entire Department of Defense 
and the Departgi^nts of Commerce, of the Treasury, and of the In- 
terior, all have an interest in ' making use of navigation satellites « 





COMMAND i DATA 
ACQUISmON STATION 




Figure 66. NAVIGATION SATElllTE USED FOR SEARCH AND RESCUE. Navigation 
»at«llit«t ar« valuable aids In locating ships In distress and directing rescue effarts. 
Such satellites may be uied in the future far controlling tea and air traffic. 
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for pretision navigation and for the improvement of traffic control. 
With the developments made possible by navigation satellites and 
improvements in satellite technology, it will soon be possible for 
both aircraft and ships to make highly accurate fixes at all times 
and in any position on the earth and in the air above it, 

A fourth class of applications satellites, which has features com- 
mon to all the other classes of applications satellites, is the sur- 
vey, or reconnaissance, satellite, 

Surrey Satellites 

The first operating survey satellite was Midas 2, a military re- 
connaissance satellite, launched in May 1960, Other such recon- 
naissance satellites have followed. Our interest in this fourth group 
of applications satellites is not with the military satellites, however, 
but rather with the new earth resources satelUtes^ which have much 
promise for solving some of the most urgent problems of today. 

At the present time earth resources survey satellites st^e only 
in the research stage, but their development is likely tcr take place 
much more rapidly than that of the other applications satellites 
because they can benefit from technology already developed. The 
earth resources satellites are closely related to advanced weather 
satellites and can profit from experience gained with infrared cam- 
eras and other remote sensors used in them. The earth survey 
- satellites will also be able to apply lessons learned about the syn- 
chronous orbit, as these satellites should ultimately be put into 
such an orbit. 

Already, from the many pictures of the. earth taken by the as- 
tronauts and by weather satellites, scientists have been able to make 
large-scale studies of the planet earth and its resources. They have 
made observations of such phenomena as mineral deposits, ice 
fields, and fish populations. From these studies already made, it is 
clear that an earth resources satellite system, using a variety of re- 
mote sensors, will help us control erosion, fight crop diseases, 
manage our forest better, clean up our lakes and streams, and 
combat air pollution. Such satellites will also assist in finding new 
natural resources, as well as in conserving those in use today. 
These are critical tasks if the earth is to harbor the greatly in- 
creased population predicted. Earth resources satellites, then, arc 
to have three principal uses: (1) discover new resources, (2) 
help improve the management of present resources, and (3) spot 
trouble zones that require remedial action, 
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The first experimenfal Earth Resources Technology Satellite 
(ERTS) (Fig, 67), is to be launched in 1972, and a second in 
1973.. These satellites are to make observations that should be of 
importance in such fields as agriculture, forestry, the study of the 
earth's oceans, and map making. The experiments will include 
studies to develop ground stations for handling the data received 
from the survey satellites, interpreting the data, and distributing 
it where ^Hs^needed. 

The experiments with the ERTS will be supplemented with an 
experiment of the survey of earth resources conducted by astro- 
nauts in the Skylab. The survey satellites, like the other applications 
satellites, could be operated more efficiently if they could be main- 
tained after they were in orbit, Ehiring the first decade and a half 
of space travel man was not able to travel out into space to service 
applications satellites. He was absorbed with the enormous task 
imposed upon him in learning how to construct and operate 
manned spacecraft. 




Flgor^'^d?. EARTH RESOURCES T^HNOLOGY SATELLITE (ERTS), This artist's sk«tch 
»how» an ERTS simitar to th# on« that ^#a» launched in July 1972, This first ERTS 
will b« us«d for r«s«arch totfind out how sat«llit«s can b«st h% us«d for obtaining 
tnformotion about tarth fto^cmt, such as forests,, min«ral deposits, ond crops, and 
' ' irt^ managing th«s« r«sourc«». * 
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TERiMS TO RE\i^BER 



earth satellites 
hard-landers 
SDft-Janders • 
orbiters 
flybys 

research satellites 
cislunar space 
earth's magnetic field 
cosmic rays 

Van Allen radiation belts 
solar wind 
magnetosphere 
electromagnetic radiations 
"windows" (for electromagnetic 

radiations) in earth's 

atmosphere 



lunar probes- 

mascons {mass concentrations 

of matter) 
planetary probes 
favorable opportunity for a 

planetary probe 
applications satellites 
communications satellites (comsats) 
channel capacity 
line-of-sight path 
direct broadcast from a satellite 
weather satellites 
infrared cameras 
navigation satellites 
survey (reconnaissance) satellites 
earth resources satellites 



NAMES OF UNMANNED SPACECRAFT 
Research Satellites 



Explorer 

Pioneer 

Vanguard 

Orbiting Geophysical 

Observatory (OGO) ^ ' 
Orbiting Solar Observatory (OSO) 
Orbiting Astronomical 

Observatory (OAO) 



AppUcations Satellites 



Echo 

Tclstar 

Syncom 

Relay 

Intelsat 

Applications Technology 

Satellite (ATST 
Tiros 



Ranger 
Surveyor 
Lunar Orbiter 
Mariner 
Viking 



Essa 
Nimbus 

Improved Tiros Operational 

Satellite (ITOS) . 
Transit 
Midas 

Earth Resources Technology 
Satellite (ERTS) 
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IDEAS TO REMEMBER 

1. Research satellites helped to discover the Van Allen radiation belts, 
confirm the presence of the solar wind, and defmc-ihc boundaries of 
the earth's magnetosphere. ^ / 

2. The Explorers make up the largest group of research satellites. They 
were teamed with the early Pioneer satellites to investigate cislunar space. 
The later Pioneer probes have become planetary probes./ 

3. Three kinds of spacecraft were used to probe the moon, the Ranger hard- 
landers, the Surveyor soft-landers, and the Lunar Orbiters. ^ 

4. The Orbiting Observatories study the earth, the sun, and the stars. They 
are able to make use of all wavelengths of the electromagnetic spectrum 
in their studies because they orbit above the earth's atmosphere. 

5. Up to 1971 all planetary probes were flybys. In November 1971 Mariner 
9 became the world's first planetary orbiter. Mariner spacecraft have 
been used to make probes of both Venus and Mars. 

6. The four kinds of applications satellites are (a) communications satellites, 
(b) weather satellites, (c) navigation satellites, and (d) Survey (reconnais- 
sance) satellites. By l?60 the United States had orbited a working version 
of each kind of applications satellite. ^ « 

7. The fourth group of applications satellites, those surveying earth resources, 
shows the most promise for the future. Such satellites offer opportunities 
for solving some of our most urgent problems of today, 

8. All four groups of applications satellites could be orbited and main- 
tained mjft economically if man could maintain them in space. 



QUESTIONS 

1. Whit are the two large classes of unmanned spacecraft? What Is the 
main difference between them? 

2. What was the first US artificial satellite? What important discovery did it 
make possible? 

3. What are the three kinds of research satellites? Name one scries of each 
kind. 

4. What are some of the phenomena in space that research satellites 
investigate? Wh> is it possible to observe phenomena in space that 
cannot be observed on the earth? Tell three important discoveries made 
through the use of research satellites. 

5. What are the three so^alled windows in the earth's atmosphere? 

6. What are the Orbiting Observatories? What is their purpose? 

7. What task did the Ranger spacecraft perform? the Surveyors? the Lunar 
Orbiters? 

8. What spacecraft made probes of the planets during the 1960s? Which 
planets were investigated? 
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9. What Is our next step In planetary exploration? What spacecraft will 
be used for this step? Which planets will be Investigated next? 

10. What is meant by a planetary flyby? Can such a flyby be made at any 
time? 

n. What arc the four kinds 6f applications satellites? 

12. What Is tn^dvantage of putting communications satellites Into a syn- 
chronous orbit? 

13. What do commercial communications satellites do? How are they able 
to relay television broadcasts over the ocean? 

14. What are some of the most recent weather satellites? What can they do 
that the early weather satellites were not able to do? 

15. What is the advantage of using satellites for navigation? 

16. How might earth survey satellites be used to solve some of the most urgent 
problems of today? What are the Earth Resources Technology Satellites? 
What Is their chief purpose? 



T H I N G S T O I) O 

1 Make a study of the Van Allen radiation belts. Prepare a model to ex- 
plain these belts. You might use n small ball to represent the earth, wires 
to represent the earth's magnetic field, and molded clay to denote the 
radiation belts. A cross-sectionai diagram could be substituted for the 
model. Find out y^hut important facts about the Van Allen belts were 
made known through research satellites. Outline thj; ki^d of investigations 
of these belts that might be made in the future. Tell about the questions 
that are still unanswered. 

2 Select one of the more recem Explorer satellites (or a group of the.se 
satellftcs) and describe the kinds of investigations made. Tell -^bout the 
in.struments used and the kinds of measurements made. What findings 
were made as the re.sult of the data telemetered by the satenite(s)? 

Make a study of probes of the planet Mars up to the present time. 
Which spacecraft was u.sed? Were all the probes flybys? What were 
some of the findings made? What new spacecraft is scheduled to make; 
a visit to Mars In the future? What is the puroose of this probe? What 
progre«;s has been made in constructing the spa^secraft? 

4. Make a study of probes of Venus up to the prescnTTtTncr^hich space- 
craft was used for these probes? Did the probes carry a television camera? 
Why or why not? What were some of the scientific findings made? What 
spacecraft is scheduled to make a fly by of Venus in the future? Why is 
this fly by especially significant? What other planet is this spacecraft 
scheduled to probe? 

5. Make a stiidy of probes of Jupiter. What spacecraft has been sent to 
probe in the vicinity of Jupiter? What probe is scheduled for 1973? What 
kind of measurements will these, spacecraft m^ike? Why do scientists want 
to make probes of Jupiter? 
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6. Explain how communicalTons satellites operate. What is meafit by an 
active communications satellite? a passive communications satellite? What 
kind of equipment does a direct-broadcast satellite have to carry? What 
IS the pwTpesff of the communications satellite program the United States 
is sponsoring in India? 

7. Make a study of one of the most recent weather satellites, such as thci' 
Improved Tiros Operational Satellite (ITOS). Explain what the infrared 
cameras do and what kinds of measurements are made by the satellite. 
Why are these improved weather satellites described as small weather 
stations in orbit? 

8. If you are especially interested in ocean navigation, make a study of 
the Navy's navigation satellites. Explain how these satellites operate 
What equipment is needed on board ship to make use of the system? 
Why is use of the system limited at present? What use may be made 
of navigation satellites in the future? 

9. Make a study of the use of survey satellites for spotting pollution and 
cleaning up the environment. Compare the surveys made from satellites 
with those made from aircraft. How might infrared cameras be used 
in making the surveys? 

10. Make a study of the use of sill^ey satellites for managing earth resources 
Describe the work to be done with the Earth Resources Technology 
Satellites (ERTS) How will infrared cameras be used? Explain the im- 
portance of having a system for receiving and handling the data telem- 
etered by the survey satellites. 
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AS THE FIRST American satellites began 
. telemetering data to the earth, Ameri- 
can scientists and engineers began to see the 
need for sending men into space. Automated 
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spacecraft can perform many jobs belter than man, but they cannot 
feel and sense and thmk thewvay man can. It was not enough to 
control spacecraft remotely from the earth. We could never truly 
explore space until man had observed at firsthand Wrhat occurred 
thij^. Man had to learn to sail upon the new ocean of space. 

Learning to pilot a spacecraft was one part of the challenge. 
Designing and building the spacecraft was another part. In Oc- 
tober 1958, a year after the Soviets launched the first artificial 
satellite, the United States began Project Mercury, its first man- 
in-space program. In April of the following year. President Eisen- 
hower annouifced the selection of the original seven astronauts 
' These highly skilled pilots were to test and fly the Mercury space- 
craft, a&well as help in designing and constructing it 

A spacecraft that could shelter man in the hostile environment 
of space had to be much heavier and more complex than an un- 
manned spacecraft. Besides carrying the weight of a man and all 
his food and water supplies, it had to transport a large supply of 
oxygen and all the equipment needed for maintaining a pressurized 
atmosphere for breathing and protecting the body against the in- 
stantly fatal vacuum of space. 

While the Americans were proceeding with plans for the Mercury, 
the Soviet Union was rapidly advancing toward manned space- 
flight. The first Soviet Sputniks were much heavier than the first 
'American satellites, and in the beginning the Soviets had boosters 
\ that were much more powerful than those of the United Slates 

y The first Sputniks were followed by Soviet satellites carrying 

dogs and other animals. Then, on 12 April 1961, the late Cosmo- 
naut Yuri Gagarin became the first man ever to orbit the earth 

The flight of Cosmonaut Gagarin gave new impetus to Amer- 
ican plans for manned spaceflight. On 5 May 1961 Astronaut Alan 
Shepard made the first >uborbiial flight in the Mercury spacecraft 
Just 20 days after Shepard's flight. President John F. Kennedy, in a 
special message to Congress, proposed that this nation should com- 
mit itself to achieving, before the end of the 1960s, the goal of 
"landing a man on the moon and returning him safely to the earth " 
President Kennedy said. "No single project in this period will be 
more impressive to mankind, or more important for the long-range 
^ exploration of space." 'Thus the Apollo moon project was begun 

even before the first American astronaut had gone into orbit 
' The Mercury spacecraft would take an astronaut into a low 
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earth orbit and return him to earth. It would i>e like a coastal 
• voyage on the ocean of space. The Apollo spacecraft would take 
men out on the open ocean of space to the moon about a quarter 
of a million miles away and return thera to the earth. To fill 
in the gap between the two kinds of voyages, Project Gemini 
was planned, and announcement of the project was made on 7 
December 1961. Th\is three spacecraft for transporting man were 
bemg developed at the same time. The Mercury spacecraft was to 
be used for Step 1, the Gemini for Step 2, and the Apollo for Step 3 
m man's advance toward the moon (Fig. 68). 

Landing on the moon and returning safely to the earth was 
the first long-range goal of manned spaceflight. The second long- 





Frgurt 68 SPACECRAFT USED FOR THE THREE STEPS TO THE MOON The Mtrcury 
ipoctcroft wai uMd for iimpl« flighti in earth orbit, the Gemini ipocecfoft for earth 
orbital flighti including rendezvoui and docking, and the Apollo ipocecfoft wa> uied 
for the actual flighti to the moon The tingle module of the Mercury ipoceCfoft. the 
reentry module of the Gemin* ipocecroft. and the command module of the Apollo 
tpoc*<raft (marked in blue) were umilor in form and m the |ob they did. Thew 
modules brought tfn ai»fonaut(i) bock for recovery on the earth 
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* range goal is to put a space station into earth orbit. With this 
second goal in view, American engineers constructed the first ex- ^ 
\ perimental space station, the Skylab, whidi is to be orbited in 

1973. Since attainment of the second goal lies in the future, 
this chapter is concerned mainly with the first goal. The Mercury ^ 
spacecraft was used for taking 'the first step toward achieving the 
first goal. 

MERCLRV SP\CECR\ET: STEP 1 

The Mercury spacecraft was flown first to see whether manned 
spaceflight, in a capsule launched by a rocket ^booster, was possible, 
and then to make longer flights in orbit. The final objective of 
Project Mercury was a one-day flight in earth orbit. Although 
Cosmonaut Gagarin's flight had shown that man pould survive in 
space, there were still many unanswered questions. Each>Mercury 
flight was awaited with anticipation because rtlan was then enter- 
ing a strange new environnjent. ^ ' . 

One-Module Spacecraft 

The Mercury spacecraft, which carried a single astrpnaut, was a 
one-module, or one-part, spacecraft not much larger than ^*telc- > 
phone booth (Fig. 69). the astronauts used to say: "You don't 
climb into the Mercury.^ You just put it on.'" Although the Mer- 
cury was smaU, it was a marvel of engineering know-how with 
its 200,000 parts and seven miles of wiring. Inclosed in the Mer- 
cury capsule an astronaut could be rocketed into an orbit in 
space and survive the intense frictional heating upon reentry 
through the earth's atmosphere. A complex instrument panel, which 
the astronaut could reach as he reclined on his form-fitting couch, 
offered the astronaut some control over the flight. In case of an 
emergency he could override almost any automatic system with a 
manual one, but the Mercury astronaut was at first to be a pas- 
senger rather than a pilot. 

Since the Mercury spacecraft carried no large rocket propul- 
sion engine, it could not change orbit during flight. The astro^ 
naut on board could fire small hydrogen-peroxide thrusters to con- 
trol the attitude, or the in-flight position, of the spacecraft. But no 
matter in what direction the astronaut pointed the nose of the 
spacecraft, it would continue to speed through space in the same 
orbit until braked for reentry. ^ * 
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MERCURY SPAtECRAFT AT LAt)NCH Th.s cutowo'y drowmg shows the 
retrofockets ond port of th, lounch escope tower Th, Mercury copsulc wos 9 feet 
h.gh ond 6 fett widt ot th« bose Most of the spoct m the copsuU wos token up by 
•Su>pm«nt to g.ve l.f« support to th. ostronouts The retrorockets ore shown projecting 
from th* bo« of th.^copsuU Th. escc^^. tow.r wos ploctd on top of thfe copsuU 

To provide for the astronaut^s safety during flight, each impor- 
tant flight control system had one or more extra, or redundant, 
systems to back it up. In case one system failed during fligl^! 
another system could take over. There were, for example, three 
systems for controlling retrorockets. or rockets that fired in re- 
verse, to brake the Mercury spacecraft for reentry. These rockets 
could be fired automatically by an onboard system, they could be 
set off manuafly by the astronauts, or they could be activated by 
a radio ^command from the earth. The plan of providing extra 
systems is cajltd 'redundant engineering* 
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In the Mercury there were enough redundant systems to pro- 
vide for complete automatic operation of the spacecraft in case, 
the astronaut was disabled. 4ledundant engineering was carried 
over from the Mercury to the Gemini and then to tlje/ Apollo 
spacecraft: " 

In* addition to (1) redundant systems, the Mercury spacecraft 
had the following features to provide for the survival and safety 
of the astronauts, (2) a complete life-support system^ (5) double 
walls to protect against harmful radiation and punctures by micro- 
meteorites, and (4) a heat shield for use at reentry. These same 
kinds of features for life support and safety have been built into the 
rettttry modules of the Gemini and Apollo spacecraft. 

The life-support system on the Mercury, as on the Gemini 
and the Apollo, was a completely scaled system that supplied the 
astronaut with oxygen at a reduced pressure, similar to the pres- 

» sure of ^the* atmosphere at high altitudes (about 5 psi instead 
of the 1 4.7 psi of the atmosphere at sea level)^ The i)ressurized 

^ ^oxygen in the spacecraft is used fdt breathing and for counter- 
pressure (pressure against the body) to keep the body from bal- 

* loonijig and to prevent the .blood and other body fluids from boil- 
ing, as they would otherwise dcr irf, the vacuum of space. 

In the Mercury the astronaut remained"* in his space suit at 
all times. The suit we^s not al\Vays pcessurized, .but it was Kept 
connected with the life-support system so that, it* could be inflated 
automatically in case of« an emergency. The silver -spac^ suit of the 
Mercury astronaut was developed from tfie flight suit womf by 
combat pilots, but the astronaut's space suit ihad additional fefeA 
guards to permit him to spend long periods of time under full 
space conditions. ' ^ * * ^ * ^ * 

On the Mercury spacecraft \he Jieat shield *xov6ted the large 
hlunt end, or bottom, of the^jHodule shaped like* a^^cut-off cofte. 
This cone design is in itself a , protective feStiire. It was chosen 
for the Mercury because engineering studies had shown that it was 
the shape berf suited for takiJfg the astronauts* safely through the 
atmosphere. At launch, the small end Qf the capsule was pointed 
upward. In this -position the spacecraft offered the least rcsis-' 
tance to the air as it sped \ipward. Before the retrorocTce^s. wecc 
fired for reentry, the Mercury capsule was tumdi in orbit so 
that the blunt end would impact with the atmosphercTTRus offer- 
ing the greitfcst 'amount of resistance for braking the « spacecraft 
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(Fig. 70). When the capsule impacted with the heavier atmosphere 
and heat became intense, the coating on the heat shield melted 
away, thus allowing the heat to escape — a process known as abla- 
tion. The cone shape has been repeated in the Gemini and Apollo 
spacecraft. . 

As a special safety feature in case trouble would develop on 
the pad, the Mercury had a launch escape tower placed on top 
of it In an entcrgency the rocket engine in the tower would fire 
to lift the spacecraft clear of the pad and f)ut it into a ballistic 
trajectory over the Atlantic Ocean. The escape tower was jettisoned 
shortly after launch. (A similar tower is used on the Apollo space- 
craft. The* Gemini used ejection seats similar to those in jet air- 
craft.) 

*As each Mercury capsule was delivered to Cape Kennedy, the 
astronaut signed tp the next flight worked with the capsule 




Figuf* 70. OIFFEREW POSITIONS OF MERCURY CAPSULE DURING FLIGHT. At lounch 
th* smoll •nd, or tip, of th« copsu!* wot pointed upword. As ih* coptuU w«nt into 
orbit th» tip wos foremost. At tK« end of the flight the eopsuU turned in orbit so 
thot th« lorge blunt end foced forword, ond the retrorockett fired, eouting the capsule 
to foil out of orbit. At reentry the atmosphere impocted ogoinst the lorge blunt end, 
b>oking the copsult. The r*«ntry module of the Gemini spoeeeroft ond the commond 
module of the Apollo spoeeeroft ossumed similor positions ot the beginning ond end 

of the flight. 



ERIC 



SPACECRAFT AND THEIR BOOSTERS 

until he became familiar with the feel of its instruments and 
equipment, much as a pilot becomes familiar with his aircraft. 
But just as the Mercury was a new kin^ of craft, the astronauts 
were a new breed of pilots. They were specially selected and 
trained for their flights. 

Selection and. Training of Astronauts 

To fmd pilots who could operj^te the new spacecraft, NASA 
made a nationwide search. As one official expressed it, NASA was 
looking for "ordinary supermen." No one type of personality makes 
the best astronaut. An astronaut is an ordinary person in the sense 
that he reagts to happenings in a normal way, but he is expected 
to have capacity for enduring flight stresses far beyond the or- 
dinary. Among other requirements, each of the original astronauts 
had to be a test pilot and a jet pilot, and to have an engineering 
degree or its equivalent. 

Of moije than 100 men who met all requirements and volun- 
teered, only seven were finally chosen. All seven original astrojiauts 
(Fig. 71) were from* the mHitary services, three each 'from the Air 
Force and the Navy, and one from the Marines. The first seven 
astronauts, in the order in which they flew, were Alan B, SJiepard, 
the late Virgil I. (Gus) Grissom, John H. Glenn, Scott Carpenter, 
Walter (Wally) Schirra, and L. Gordon (Gordo) Cooper. The 
seventh astronaut, Donald (Deke) Slayton\ was disqualified for 
flight because of a slight heart irregularity* but remained with the 
program agd became Director of Flight Crew Operations at the 
Manned Spacecraft Center. When other astronauts were later added 
to the original, seven, requirements were changed slightly, but 'stand- 
ards were not lowered. Scientists selected to become scientist- 
astronauts must learn to become proficient jet pilots. 

The astronauts have been put through what is probably the* 
most rigorous training ever devispd. Astronauts make many kinds » 
of simulated spaceflights (practice flights on the ground), are given 
tests in sea and desert survival, fly regularly in jetl aircraft!^ and 
stu4y subjects related to spaceflight, such as astronomy and lunar 
geology (study of moon rocks). 

The astrona^ have become known for their , courage, skill, 
and fine teamwork. Each astronaut begins* his flight with full 

iRccenlly Astronaut Slayton ha* been quaHHcd to fly He is not HVely io make a flitht 
however, bccaujc crews for ail the scheduled flifthts have already been named 

* 
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Figort 71. SEVEN ORIGINAL ASTRONAUTS. In the fwnl row, left td right, ore A'stro- 
nouti Wolter Schirro, Donold Sloyton, John Glenn, ond Scott Corpenter. In the bock 
row, left to right, ore Aton Shjipord, th^ lotei V.f.gil Grujom, ond Gordon Cooper. 



knowledge of the hazards fie faces. When asked what he considered 
tlje most dangerous part^ot the trip, the late Gus Grissom quipped: 
- "The part between lifioff and landing." 

Bc|inning with the Mercury flights and continuing through 
the Apollo flights, all astronauts have shared their experiences^ 
so that those who were to follow them could benefit. The Apollo 
astronauts have faced more dangerg on the difficult landings and 
takeoffs from the moon, but they have had the earlier experiences 
of the astronauts to guide them. Yhe first Mercury astronauts 
faced many unknowns. 
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Before the Mercury flights began, NASA/ officials were es- 
pecially concerned about two problems. Hoy? well would the as- 
tronauts be able to jendure the extremely Wigh G-forces (increased 
gravity) as the boost^l: .accelerated at launch and again as the 
spacecraft decelerated upon reentry? How would the astronauts 
be affected by the opposite condition — that of weightlessness? 

In anticipation of the high G-forces they would encounter,' the 
astronauts practiced dn centrifuges* These are chambers, or gon- 
dola^ swung at the end of a long arm. As they whirled on these 
giant wheels, the astronauts learned how to adjust their bodies to 
forces as high as 14-G to 16-G, forces slightly higher than they ex- 
pected to experience in flight. The Mercury astrdnauts knew that 
aircraft pilots have blacked out at 5-G, but the astronaut, re- 
clining on his form-fitting couch, would be able to take the G- 
forces across his body from chest-to-back, not from head io> foot, 
as a seated pilot would (Fig. 72). What was not known was just 




rfr force 



RECblNlNG^AStiROflAUT;' • 



SEATEOPILPT 



Figurt 72. POSITION OP ASTRONAUT AND AIRCRAFT PILOT. The Mtrcury astronaut 
rtclintd on his bock with ftet up during hftoff. In this position he tpolc tht increastd 
enforces across his body rathtr than from htad to foot, as a seated pilot dots. 
Incrtastd C-forces affect the flow of blood between the heart and tht brain. An 
astronaut in a reclining position has less stress placed on his heart*b!ood system. At 
rttntry tht lorgt blunt tnd of tht Mtrcury copsult again foctd toward the earth. 
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Figvro 73. WEIGHTLESS TRAJECTORY. The only way the weightless canditian can be 
repraduced an earth is far an aircraft 'ptiat ta fly a weightless trajectary. This is dane 
by making a dive, then a steep climb, and anather dive, as shawn abave. When the 
aircraft is at the tap af the trajectary, everything in the aircraft lases weight far a 
matter af secands. Objects flaat in the aircraft. 



how high the G-forces would become and how long the increased 
G-forces would last. 

The astronauts also had to prepare themselves for weightless- 
ness. Although we can experience a feeling of free fall on a 
roUdr coaster or in an elevator that is going down rapidly, the 
actual condition of weightlessness can be duplicated on the earth 
for only seconds at a time. This is done during the pushover period 
following a high-speed drop and then a rapid puUup in an air- 
craft. The flight pattern is called a weightless trajectory (Fig. 73). 
The astronauts flew weightless trajectories as often as possible so 
that they could practice eating, .dfinking, and performing their 
tasks while weightless. (On. later flights on the Gemini the astro- 
*nauts were to practice underwater in order to simulate the weight- 
less condition.) * * ' 

^ As the astrorrauts trained, they gained confidence in their skills 

, and in the Mercury spacecraft, which they were helping to make 
ready for flight. They were e&ger to have the Mercury launched 
4 into orbit to find out what true spaceflight was like. 
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Mercury Flights 

In all, the Mercury spacecraft made 25 flights. It was launched 
first by the Redstone booster and then by the larger Atlas booster, 
which was to'put man into orbit. Of the 25 flights, only 6 were 
manned, and only 4 of the manned flights were orbital (Table 2). - 
The manned flights were preceded by the flights of four animals. ^ 
Although the American public was impatient to get an astronaut 
into orbit, NASA officials proceeded cautiously. The Mercury, just 
hke the Gemini and Apollo, could be tested only in spaceflight. 
Unlike an aircraft, which can be checked ' out gradually at low 
speeds and altitudes, a spacecraft launched into orbit is fully com- 
mitted to orbital flight. Once the spacecraft takes off from earth, 
there is no turning back until at least one orbit has been completed. 

Suborbital flights. — To reduce risks, the Mercury flights were 
begun with two suborbital flights, or flights made at less than 
orbital speed and on a ballistic trajectory. After Ham the chim- 
panzee was successfully recovered, the way was clear for man, Alan 
Shepard, a Navy commander from New Hampshire, won the cov- 
eted assignment of being the first Mercury astronaut to go into 
space. With his characteristic humor, he said he was "acting as the 
link between Ham and man." 

The choice of the first i^gfronaut Was a closely guarded secret 
up to flight time. Gleaming in his silver space suit, Shepard 
stood ready to walk from the hangar and reveal himself to the 
public. Then bad weather caused the flight to be scrubbed, as'^y^ 
were many of the later flights, and Shepard had to go through 
the preparations all over again on the following day. 

On 5 May 1961 everything went well. The Redstone booster 
launched the Freedom 7 into a trajectory about 119 miles above 
the Atlantic Ocean. G-forces upon acceleration reached only about 
6-G. When the retrorockets fired, the spacecraft was braked. As 
the capsule reentered the atmosphere, atmospheric friction heated 
the spacecraft, but the heat shield worked well. Then, as the Mer- 
cury took a long plunge back to earth, deceleration pinned Shepard 
back in his couch with a force of about 12-G. But his training 
served him well, and he felt no ill effects. Finally, the drogue 
chute popped out to stabilize the capsule. Then the main chute ^ • 
billowed out against the sky. As the Mercury rocked back and 
; * forth on the main chute, Shepard braced himself for impact with 

the water. About 1 1 minutes after impact he was recovered by a ^ 
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Navy carrier, and the first US trip into spacof was successfully 
completed (Fig. 74). 

Astronaut Gus Grissom, an Air Force major, repeated the sub- 
orbital flight. All went well on the fligl)t, Grissom's Liberty Bell 
landed in the ocean, and the recovery helicopter hovered over- 
head when suddenly the explosive bolts fired t€o soon, blowing 
the hatch off the capsule. Water poured into the capsule, and it 
began to ^nk. The Liberty Bell 7 was lost, but Grissom was 
rescued just in time. No other reentry module has been lost. 

Orbital flights. — ^The two suborbital flights of the Mercury 
spacecraft were followed by one made with the chimpanzee Enos. * 
This flight tested the Atlas booster and the Mercury spacecraft 
in the weightless condition in orbit. Enos was strapped on his 
couch (Fig. 75) to enable him to withstand the increased G-forces 
at launch and reentry. During the flight the automatic equipment 
did not work as planned, but Enos successfully ate banana pellets 
and drank water while weightless. He was drench^ with perspira- 
tion and soiiiewhat wobbly when recovered. After regaining his 
balance, Enos jumped for joy at being back on earth again. The 




Figure 74. ASTRONAUT ALAN SHEPARD AFTER FIRST SUBORBITAL FLIGHT. Astronaut 
Shtpard is 'shown with his flight .^irgeon as he arrived at the Grand Bahama Islands 
after recover/. Astronaut Donald Slayton (left) was present to greet him. 
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frtted/lnto hii preisurt couch b«fofe fl*ght Enoi mode o succtiifui orbitol flight, 
teiting the lift lypporf lyitem on the Mercury ipocecroft for orbitol flight. Three other 
onimols wert us»d to ttit tht Mercury ipocecroft on luborbitoi flighti 



people of the United States re^iced because the Meccury now 
seemed reliable enough to take an astronaut into orbit. 

John Glenn, a Marine heutenant colonel from Ohio (Fig. 76), 
was chosen to be the first American to make an orbital fhght 
The oldest of the seven astronauts. Glenn was their natural leader, 
and he had accumulated the most flight time with jet aircraft. 

After many disappointing postponements because of bad 
weather and technical difficulties, the Friendship 7 was at last ready 
for flight on 20 February 1962. Just as Glenn was taking the 
elevator to , the capsule, the sun burst forth from behind the 
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clouds. It seemed an auspicious sign. As the Atlas roared from 
the earth m a burst of flame, it boosted the Mercury toward its 
first orbit, and the crowd^ cheered. The G-forces began to build 
up. Finally there was rel^e. Glenn had a pleasant sensation when 
he became weightless in orbit. Upon looking down at the earth, 
he \ias overcome with awe at the grandeur of the. view below. 
There was little time to enjoy what he saw, however, because 
there were soon more things to do than one man (fould easily 
handle. Trouble developed with the automatic attitu^ control 
system, and Glenn began to fire the thrusters manually. 

Busy with the controls of the spacecraft, Glenn was not aware 
that more serious trouble had developed. Just as he was beginning 
his second orbit, ground control received a telemetry signal mdi- 
caUng that the heat shield was loose. There was no way to check 
the signal. When man is part of a semiautomatic flight control sys- 
tem, he has to learn to fly with many kinds of alarm systems, and 
he has to know when they really mean business. Warning equip- 
ment has gone wrong about as often as the flight equipment it- 




ngurt 76. ASTRONAUT JOHN GlENN CHECKING MERCURY SPACECRAFT. John Gl»nn 
mod» th» f.fit us orbitol flight on 20 Ftbruory 1962 in tK« Mtrcury spowcroft npmed 
th» Friendship 7. Ounng thi^^Hght Glenn ihow»d thot on oitfonout couW b« mor« 
Ihon o pqiMng»r in th» Mj|oft. H» took ov»r monuol control oi tht oMitudt- 
control thrul|H||ph»n they foiled to work oulomaticolly 
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self. Similar problems were to arise on future flights, but this pre- 
sented one of the most serious problems that has developed so 
far. If the heat shield were lost, the Friendship 7 would bum up 
upon reentry. 

Without alarming Glenn, engineers on the ground tried to find 
some solution. Finally, just as Glenn was completing his tliird orbit 
and was ready for reentry, ground control agreed upon a solution. 
The package containing the retrorockets would be held after firing 
the rockets. The straps on the package would keep the heat shield 
in place until the impact with the atmosphere would seal it in 
position. John Glenn, still unaware of what had happened, was 
puzzled when ground control gave him the command to hold 
the retrorocket package after firing. But Glenn followed instruc- 
tions, and everyone waited breathlessly. When the searing hot 
capsule, in its plunge through the atmosphere, reached its high- 
est temperature, there was a radio blackout, as expected. The 
silence was agonizmg. Fmally, Glenn^s voice came through, '"Boy, 
that was a real fireball.** The heat shield had held. Later investi- 
gation revealed that the warning signal had been false. 

Modest John Glenn, eloquent in his praise for all that others 
had done to make the flight a success, was greeted upon his 
return by President Kennedy, Vice President Johns^*, and a 
group of Senators. Astronaut Glenn had become a national hero. 

Later, in addressing the members of Congress, John Glenn 
said: "We are just probing the surface of the greatest advance- 
ment in man's knowledge of his surroundings that has ever been 
made.** On the later flights, other emergencies developed, but 
there was no further threat from loss of the heat shield. 

Another three-orbit flight was made by Scott Carpenter in the 
Aurora 7. Then the length of time in flight was increased: to 
9 hours on Wally Schirra's flight, known as the 'textbook flight" 
because all went according to plan; and to almost a day and a 
half on the last flight, that of Gordon Cooper in the Faith 7. 
The Mercury had more than exceeded the goal set for iC 

Results of the flights. — On the Mercury flights the astro- 
nauts showed that man has ,a place m spaceflight. In spite of. 
the emergencies that developed, *the astronauts remained calm 
and in control of the situation. They were able to sleep, eat, 
arid drink while in the weightless condition. Although they had 
suffered some ill effects from the flights, they recovered quickly 
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once back on earth. During the flights the astronauts advanced 
rapidly from being passengers and the subjects of an experiment 
to being pDots of the spacecraft. When difficulties were encoun- 
tered with the automatic systems, they were able to override 
them, using manual controls to adjust the position of the space- 
craft in orbit or to make preparations for reentry and recovery. 
As a resuh of the six flights, the Merctiry became a provwi 
spacecraft. Many of its features were carried over into the Gemini 
spacecraft. 

GEMINI SPACECRAFT: STEP 2 

The Gemini, a spacecraft for carrying two astronauts instead 
of one, was to make flights in earth orbit, just as the Mercury had 
done. Although the Gemini went to considerably higher altitudes 
than the Me/cury, its main purpose was not to probe a new en- 
vironment but rather to prepare for the Apollo moon flight while 
in earth orbit. On the 10 manned Geijiini flights, made in rapid 
succession over a period of less than two years, American astro- 
nauts^ accumulated experience in maneuvers that would serve them 
well on the Apollo flights. On the Gemini flints the astronauts 
were no longer regarded as subjects of an experiment. They 
were rapidly becoming space pDots, learning the elements of space 
navigation and of living and working in space. 

^ Two-Modole Spacecraft 

The Gemini spacecraft weighed more than twice as niuch as 
the Mercury, but it was much more than the Mercury rede- 
signed to take care of two astronauts instead of one. It was a 
new kind of spacecraft that could stay in orbit much longer, 
that was more maneuverable, and that made use of the pilot's 
judgment in the control circuits. On the Gemini aU equipment 
was neatly packaged and well organized so that the spacecraft 
could be more easily checked out and maintained. The two most 
important additions in the Gemini were (1) the large propnl* 
sion thrusters that made it possible for the Gemini to change 
orbit; and (2) the adapter module, which contained these large 
maneuvering thrusters and the extra supplies needed for a longer 
stay in space. 

*The Gemini was made up of two large parts, the cone-shaped 
reentry module, which brought the astronauts back to the earth, 
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and the adapter module, which was jettisoned before reentrj; 
(Fig, 77). 

The reentry module resembled the Mercui^ but was much 
larger. It contained the space cabin for housing th^ two astronauts 
and the section at the tip of the spacecraft that held the radar to 
be used for rendezvous, or meeting, with a target vehicle in space 
In the space cabin were crowded the two couches for the astro- 
nauts and duplicate instrument panels. One of the new controls 
on the duplicate panels was the push-pull lever that operated the 
large pr& pubi on thrusters for changing orbit. On a central panel 
was a control stick for firing small thrusters to adjust the attitude 
of the spacecrath. In front of each pilot was a small window that 
allowed him to see the rendezvous and docking, or linkup with 
another spacecraft that followed rendezvous. Two hatches that 
opened from the inside were provided to allow the astronauts to 
leave the spacecraft for extravehicular activity (£VA), or activity 
outside the pressurized space vehicle. To enable the astronauts 
to make the computations they would need for rendezvous the 




Figur» 77, GEMINI SPACECRAFT. Tli» Gtrnm* ipac^croft .coniiittd d two loffl» parts, 
th# odopttr modul» (left) ond th» rtrrtry modul* (right). Th« odopttr *modul» con 
tomtd supplies ond •quipmtnt lik* r*»«rv« oxygtn, th» thnjittri u»«d for mon»uv»r, 
ond th« r»trorp€k»ti, which w»r» u»«d during orbitot flight. Th» odopttr moduU woi 
(•ttitontd tn two porti, th« •quipm*nt MCtion ond th« r*tro section. Th« rMntry 
moduU, ihoped lomtwhot likt tht Mercury ipoc^roft, contained th# equipment needed 
during reentry ond recovery. 
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Gemini had a miniaturized computer about the size of a hat box. 
(The Apollo spacecraft has three computers; the Mercury had 
none.) 

The adapter module, positioned below the reentry module. on 
the stack at launch, connected the Gemini spacecraft with the 
Titan II booster. The adapter module was the forerunner of the 
service module in the Apollo spacecraft, but, unlike the Apollo 
service module, the Gemini module did not remain in one part 
during flight, ft was made up of two sections, which were jetti- 
soned at different times: the equipment section and the retro 
section. The equipment section contained the rocket thrusters for 
orbital maneuvering, a sqpply of oxygen, and batteries and hael 
cells for providing electrical power. The retro section contained 
the retrorockets used for braking the spacecraft before reentry. 

Since the Gemini astroifauts -were to develop and then mas- 
ter the techniques for rendezvous and docking, they needed tar- 
get vehicles for practice. 

Tsrgets for Rendezvous xnd Docking 

The Agena target vehicle (Fig. 78) was to be the principal 
and final target used by the Gemini astronauts. It would give 
them a definite point in space for rendezvous and docking. Once 
the Gemini was linked with the Agena, the systems of the two 
vehicles would interlock, and the astronauts could make use of 
the fuel stored in the Agena to perform more maneuvers and to 
take the Gemini to higher orbits. In this way the Agena target 
vehicle served as a kind of filling station in space. 

The Agena target was a modified Agena booster. It had a 
special docking collar, parts of a communication system, and a sec- 
ondary propulsion system. Most important of all, the engines pould 
be restarted in space. The Agena was launched separately from 
Cape Kennedy on an Atlas booster. 

When there was no Agena target vehicle available for prac- 
tice, the Gemini astronauts made use of two dummy targets that 
they released from their spacecraft: the Augmented Target Dock- 
ing Adapter (ATDA) and the Radar Evaluation Pod (REP). 
The ATDA had a docking collar; the REP did not have one. 

With the much improved Gemini spacecraft and the targets for 
rendezvous and docking, the astronauts were well equipped to 
reach goals that would prepare them for the ApoHo moon flights. 
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Rgur« 78. AGENA TARGET VEHICLE. Abov« is o photo^roph of th« Ag«na targ«t 
yh'tch tak«n by Astronout David Scott from th« G«mini-8 spactcraft as it approoch»d 
for th« first docking. Nott th« mechanism for receiving th« docking prob« on th« 
forwofd 9n6 of th« Ag«na (right). 



GojUs for Project Gemini 

Even before the last Mercury flights had been completed, 
NASA officials had decided upon the method American astro- 
nauts would use in going to and from the moon. The decision 
allowed engineers to begin construction of the Apollo spacecraft, 
and it gave the astronauts a more definite idea of the kinds 
of maneuvers they would need for the moon flights. Since the 
Apollo moon landing was to be made by lunar orbit rendezvous 
(LOR) — by sending a part of the Apollo spacecraft down to the 
moon from lunar orbit and then returning that part for rendezvous 
and linkup with the main spacecraft — the astronauts would have 
to master the techniques for rendezvous and docking. The two 
moon-landers would need to seek out the main spacecraft for 
rendezvous and linkup. 

The Gemini flights were planned to reach three principal goals 
in preparation for the Apollo flights: (1) extend time in space up 
to about two weeks, (2) be able to rendezvous and dock with 
the Agena target vehicle and use the combined systems for 
maneuvers, and (3) perform extended EVA in space, moving about 
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(making so-called space walks) and performing useful work. Ex- 
perience gained in EVA outside the Gemini spacecraft would give 
astronauts the kind of experience they would need for the moon 
walks. During their walks on the airless moon, they would have to 
depend solely upon their space suits and backpacks for survival. 
Then, too, the moYe the astronauts would be able to move about 
in space and perform useful work, the better prepared they would 
be for any kinds of emergencies, both in space and on the moon. 

With the goals for Project Gemini clearly in mind, NASA of- 
ficials prepared detailed plans for the flints. 

Gtmini Flints 

After some delay, the Gemini spacecraft was ready. This time 
there was no long series of preparatory flights. After two un- 
manned flights to test equipment, manned orbital flights were be- 
gun in March 1965 and progressed rapidly (Tabic 3). The time 
for making the Gemini ready for flight could be shortened be- 
cause the rocket booster, the Titan II, burned hypcrgolic propel- 
lant, or fuel and oxidizer that ignited upon contact. 

The first manned Gemini flight was commanded by the late 
Gus Grissom, the first astronaut to make a second spaceflight. 
The other pilot was John W. Young. Although the flight was a 
brief one, a three-orbit flight lasting less than 5 hours, it was 
significant. It marked the first time any space pilot had used large 
rocket thrusters to change the orbit of his spacecraft. The test 
showed that the Gemini spacecraft would be capable of making 
a rendezvous and achieving the other goals set for it. The astro- 
nauts, were ready to extend flight time. 

Extending time in space.— Although the medical records of 
the Mercury astronauts had iJe^ reassuring, NASA officials were 
cautious about making a sudden large increase in flight time. There 
was good reason to 'believe that continued exposure to the weight- 
less condition might produce harmful changes in the body. Some 
subjects flying the weightless trajectory had experienced unpleasant 
sensations, and some Soviet oosmonauts reported motion sickness 
while in orbit. There was further possible danger to the astronauts 
from continued exposure to the pure oxygen atmosphere of the 
spacecraft. 

The longest Mercury flight had lasted only a day and a half. 
It was like a rather hectic weekend for one astronaut alone in 
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the spacecraft. Pressed with many tasks and with the emergencies 

that developed, he could not devote the time he needed to eating, 

sleeping, and taking care of his physical wefl being. On longer « 

flights, with two-man crews and then with the three-man crew on 

the Apollo spacecraft, the astronauts would be able to settle dowp 

to a schedule of working, eating, and sleeping in space. ♦ 

To protect the astronauts, they had instruments attached to ^ 
their bodies that recorded blood pressure, breathing rate, body ' 
'temperature, and heart beats. These readings were telemetered to 
the ground and relayed to the flight surgeon. Often, though, at 
a crucial time when medical data was needed most, the readings 
had to be interrupted. 

Of the six astronauts selected for Gemini 4, 5, and 7 — the . 
three flights planned -for extending flight time — only Astronaut 
Gordon Cooper had had previous spaceflight experience. On 
Gemini 4, two new astronauts, James McDivitt and the late Edward 
White, advanced flight time in orbit up to 4 days. No medical 
problems developed. On Gemini 5, Astronauts Gordon Cooper 
and Charles Conrad extended time in orbit up to 8 days. 

On Gemini 7, which brought time in flight up to almost 14 days, 
Frank Borman and James Lovell performed well. They com- 
pleted all but one of the 20 experiments assigned to them. One 
of the most important experiments was the test to determine if 
there is a loss of bone calcium during the weightles?^ condition. 
The test showed that the astronauts, confined to the cramped 
quarters of the spacecraft, did lose some bone calcium, much as 
bed patients do. 

Although they did not have room to move about, Borman and 
Lovell were able to relax in their space coveralls, or "space un- 
derwear.'* For the first time they enjoyed what has come to be 
known as the "shirt-sleeve environment." The new lightweight 
space suits, which they wore at the beginning of the flight (Fig. 
' 79), were removed after the flight was underway, but they kept 
these space suits close by so that they could be put on quickly 
in case of an emergency. During most of the flight Borman and 
Lovell wore the space coveralls, a constant-wear garment and not 
a space suit. The shirt-sleeve environment was given some of the 
credit for the astronauts' well being at the end of the flight. By 
this time it was believed that the life-support equipment on the 
spacecraft had proved reliable enough so that the space suit , 
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could be taken off during the flight. Now the astronauts wear 
their space suits only during the most hazardous parts of the flight 
or when they depressurize their spacecraft for extravehicul^ ac- 
tivity (EVA) or are actually engaged in EVA. ' ' 

Once the flights testing endurance were completed, the astro- 
nauts could concentrate on practicing maneuvers such as rendez- 
vous and docking. 

Rendezvous and docking. — The Gemini astronauts at first found 
it difficult to rendezvous with anpthcr vehicle in space. The op- 
eration may seem somewhat like refueling an aircraft in midair, 
but actually it is quite different. Spacecraft in orbit follow the laws 
of celestial mechanics, as explained in Chapter 3. If an astronaut 
would fire his thrusters to speed up the spacecraft and gain on , 
a target in the same orbit, his spacecraft would go into a higher 
orbit and slow down. If he would brake his spacecraft, it would 
drop into a lower orbit and speed up, but it would never overtake 
the target unless he maneuvered again to change orbit. Each ren- 
dezvous has to be calculated in advance on a computer before an 
astronaut can make the maneuver. Rendezvous is usually a matter 
of chase in circles or on a long curved trajectory rather than in a 
straight line. 

One way to rendezvous is to let the spacecraft fall into a lower 
circular orbit just behind the target vehicle. The spacecraft in the 
lower orbit will travel faster than the target. Just as the space- 
craft is about to overtake the target, the pilot can give his 
thrusters a precise bum to bring him up to the target (Fig. 80). 

The astronauts on the G^ini-4 and Gemini-5 flights practiced 
with the Radar Evaluation Pod but they had difficulties witt a 
badly tumbling pod and with a power failure in the equipmenbv 

The astronauts on Gemini 6 were to make use of the actual/ 
Agena target vehicle, but it exploded at launch, and the original 
mission was scrubbed. Wally Schirra and Tom Stafford, two disap- 
pointed pilots, were getting out of the spacecraft when NASA of- 
ficials decided upon^a substitute plan. Why not Jet the Gemini 
7 be launched as scheduled and then have the Gemini 6 rendezvous 
with the Gemini 7? The two Gemini spacecraft could not dock 
because no mechanism had been provided for this purpose, but 
they could approach close enough to simulate a docking. Rendez- 
vous was arranged to take place on the dark side of the earth 
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Figure 80. RENDEZVOUS BETWEEN GEMINI SPACECRAFT AND AGENA TARGET VE- 
HICLE. The obove diogrom shows how o rendezvous might be mode. The two vehicles 
would eoch be put into o circulor orbit. The Gemini spoceeroft in the lower orbit 
would trovel foster thon the Ageno torget vehicle tn the higher orbit. Groduolly the 
Gemini would begin to catch up with its torget. When the Gemini is ot the correct 
ongle, the engine is fired (1). The Gemini begins to trovel on o long curving trojec- 
tory (2). When the Gemini opprooches the Ageno, the Gemini's engine Is fired to 
circulorize its orbit (3). The two vehicles dock (4). Rendezvous ond docking require 
precise computer colculotions bosed on the lows of celestiol mechonics. 

SO that Schirra and Stafford could see the flashing lights oi] the 
Gcnrini 7. 

Schirra made a whole series of maneuvers before the Gemini 
6 approached the Gemini 7 and the astronauts could see it as a 
point of light in the distance. The point gradually grew until the 
Gemini 7 looked like a harvest moon. The Gemini 6 continued to 
2^ close on the Gemini 7. As the ^Gemini 6 approached the target 
vehicle, Schirra flew phase around it (Fig. 81), much as aircraft 
pilots do when they e xamin e a new plane. Finally the two space- 
craft faced eaqb other. The tip ends of the spacecraft were about 
a foot apart, and the astronauts could see each other through the 
windows. The meeting of the Gemini 6 with the Gemini 7, which 
took place over the Pacific Ocean al(fM^ Hawaii, on 15 December 
1965, marked the world's first remdezvous. After the meeting, the 
Uv(r§pa«ecraft flew formation within about 100 fe^t of each other 
/for nearly 5 hours, another significant first. 

On Gemini 8, in March 1966, the astronauts were to complete 
rendezvous by docking the Gemini with the Agena target vehicle. 




SPACECRAFT AND THEIR BOOTTERS 

The command pilot of the Qemini 8 was Neil Armstrong (Fig. 
82), a civilian veteran X~15 pilot, who would be the first man to 
step ontp the moon. The other pilot was Air Force Capt. David 
R. Scott, who later flew on the Apollo 9 and commanded the 
Apollo-15 flight. Gemini 8, launched into an orbit at about 100 
miles above the earth, went to seek out the Agena target vehicle, 
which was in orbit about 185 miles above the earth. The Gemini 
made a rendezvous with the Agena, and the docking was smooth. 
The two vehicles had been linked for about half an hour when 
they began to spin violently, presenting a serious threat because 
of the propellant stored in the Agena. Armstrong acted quicKly. 
He fired emergency thrusters to back away from the Agena. 
Once the emergency thrusters were used, the astronauts had to 
return to earth just as soon as ground control could arrange for 
an emergency landing in the Pacific Ocean. Aft investigation re- 
vealed that the Gemini spacecraft, not the Agena, had caused 
the trouble. A small thruster on the Gemini had short-circuited 
and kept firing, causing the spacecraft to go out of control. 

Once rendezvous afad docking had been successfully com- 
pleted, the astronauts soon developed skill with the maneuver. 




FIgur* 81. TARGET VEHICLE AFTER WORLD'S FIRST RENDEZVOUS. ThU vl.w of th« 
G«minl 7 was photographed from th« G«mini>6 spacecraft after th« rendezvous over 
Hawaii on 15 December 1965. The Gemini 6 flew around the Gemini 7, and the tip 
of the two spacecraft almost touched. Astronaut Walter Schirra piloted the Gemini 6 
during the rendezvous. 



144 




MANNED SPACECRAFT 




Figur, 82. ASTRONAUTS PREPARING FOR THE FIRST DOCKING MISSION Astronouts 
Nt;i Armstrong (righ») ond Dovid Scoti (Itft) docked the Gem.nt.8 spactcroft with tht 
Ageno torgtt vehicle for tht world * first docking in Morch 1966. Tht docking ,ts«lf 
wos succtsiful, but on tmtrgtncy lending wos modt soon ofttr becoust trouble 



dtvtloped in tht Gemini spacecraft. 



On Gemini 9A, Astronauts Tom Stafford and Gene Ceman 
made three rendezvous with a target vehi^Je. On Gemini 10, 
Astronauts John Young and Michael Collins, docked with the 
Agena target vehicle and for the first time used its propellant 
for maneuvers. They pushed the Gemini-Agena up to a record 
altitude of 475 miles. On the Gemini 11, Astronauts Charles 
Conrad and Richard Gordon also docked with the Agena. This 
time the combined Gemini-Agena soared to a new record altitude 
of 850 miles. 

On the Gemini flights rendezvous and docking were combined 
with EVA. 

Extravehicular activity (EVA) —The first extravehicular ac- 
tivity (EVA) by an American astronaut was the so-called space* 
walk made by the late Edward White (Fig. 83) on the Gemmi-4 
flight in June 1965. 

BeJflS» opening the hatch for EVA, Astronauts McDivitt and 
WW^ mad^ure their space^ suits v,ere pressurized and properl> 
attached (to the oxvgen supply. Wlvite wore a heavy space suit 
especiall)^ designed for EVA, he had on a chest pack, and he 
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carried a maneuvering gun with small thrusters. An uiAbilical 
cord, or long cable, would supply oxygen for his space suit. 
This was wrapped with the long tether that would fa^fen him to 
the spacecraft. Once they felt secure in their space suits, the 
astronauts let out all the oxygen to depressurize the space cabb 
before opening the hatch. 

When White emerged into space, he had no sensation of falling, 
and he did not lag behind the Gemini. He became in effect another 
spacecraft traveling at the same speed as the Gemini and in the 
same orbit. Even at the speed of about 17,500 mph at which he 
was going through space. White had no more sensation of speed 
on the outside than he had on the inside of the Gemini, and he 
was not disoriented. To get his bearings, he fixed his eyes on the 
spacecraft. 

' By firing his gun. White was able to maintain good balance. 




Figurt 83. ASTRONAUT AUKING FIRST US SPACE WALK. Th« lot* Aitronout Edword 
Whlf» is ihown during tht fint US txtrovthiculor octlvily (EVA) on th« G«mini*4 flight 
in Jun« 1965. H« is wtonng o sp«doliy dtsign*d EVA spoc« sutt, ond h« hos o chtsi 
pack with on •m«fg»iiqr oxyg«n tupply. H« is holding o mon»vv»nng unit. 
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and he could move around with ease. Unfortunately, the fuel for 
the gun was exhausted in a few minutes, and then he had to hold 
onto the umbilical cord to move about. White was surprised at 
all the details he could see on the ground below, and he was 
highly elated by the feeling of freedom in space. He was reluctant 
to go back into the spacecraft. It took some time to get back, as, 
White had to make his way hand over hand on the umbilical cord.- 
After successfully completing the first EVA, the Gemini astro- 
nauts concentrated on rendezvous and docking but returned to 
EVA practice on the Gemini ^9A. On this flight Astronaut Gene 
Cernan. a Navy lieutenant, made a space walk of more than two 
hours. Some of the space work planned for the flight had to be 
cancelled, however, when Ceman's visor fogged over because he 
was perspiriiig excessively. In the vacuum of space, work is n&t easy. 
Any slight movement sets up a reaction force in the oppositejdirec- 
tion, as explained by Newton's third law of motion {actioLeac- 
tion principle). ♦ . ^ 

EVA practice was conthiued on Gemini 10 and Gemini 11. Tmie 
spent in EVA was increased considerably on Gemini 11, but no 
taxing work was done. Much of the EVA was simply standup 
JfeiVA, 

FmaUy, on Gemini 12, Astronaut Edwin (Buzz) Aldrin, who was 
to be the second man to set foot onto the moon, completed aU the 
space work assigned to the ffight. He had carefully pracUced for 
the flight ahead of time by workouts underwater, during which he 
tried to simulate conditions found in space. During the flight he 
made skillful use of handholds, footholds, and a restraining tether. 
In this wax Aldrin was able to apply force to perform useful tasks 
• and was not sent spinning off into space by the reaction force. 

The Gemini-12 ffight brought to a conclusion the 10 highly 
successful Gemini manned ffights. AU goals had been reached in 
preparation for the launch of the ApoUo spacecraft 

APOLLO SPACECRAFT: STEP 3 

Tht ApoUo spacecraft took the third anA final step in achieving 
the goal set by President Kennedy, in May 1961, of landing 
American astronauts on the moon and returning them safely to 
the earth. The Apollo was built with experience gained during 
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Projects Mercury and Gemini, and Project Apollo resembles both 
earlier projects. It is like Project Mqtcut} because it took astronauts 
into a new environment — this time, deep space. It is like Proj- 
ect Gemini because it developed additional maneuvers. Before 
Project Apollo began no martned spacecraft had as yet traveled 
on the long earth<*moon tr^ectory or had gone into orbit around 
the moon to make a descent to the airless moon and an ascent 
into orbit afterwards. While Projects Mercury and Gemini had 
taught us much about manned spaceflight, there was still much 
to learn. The successes achieved with the Mercury and Gemini 
spacecraft, however, made us confident that we could learn what 
was necessary to land men on the moon. 

Preparations for the Apollo flights were progressing rapidly 
when, in January 1967, fire broke out in the command module 
during a ground test. The fire took the lives of Astronauts Gus 
Grissom, Ed Wh^, and Roger Chaffee, who were scheduled for 
the first Apollo flight. Grissom and White had already made sig- 
nificant spaceflights, as noted earfier. Chaffee was to make his first 
spaceflight on the Apollo. The tragedy showed, that the command 
module, as then designed, was not safe for iise with the highly 
flammable pure-oxygen atmosphere. Consequently, flights were de- 
layed for 21 months until the command module and Apollo 
space suits could be redesigned to make them fireproof. The 
tragedy also showed that no detail could be overlooked. All the 
complex flight equipment would have to function perfectly to make 
a moon landing possible. As a result everyone responsible for 
Project Apollo dedicated himself anew to making the Apollo 
spacecraft safe for flight. 

From the time of the first Mercury flights the astronauts 
had^triven to assure their own , safety and gain as much con- 
trol over the spacecraft as possible. During the Gemini flights 
the astronauts had clearly shown that they were pilots, not sub- 
jects in *the experiment of spaceflight. By the time the Apollo 
flights were underway, Astronapt Frank Borman. commander of 
the Apollo 8, could say. "The approach now of the astronaut.^ 
to controlling the spacecraft is more allied to considering it as ,an 
aircraft rather than as a super type of guided missile." The con- 
trol that the astronauts have gained over the Apollo spacecraft 
is impressive in view of its awesome size and complexity. 
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Hiree*Modale Spacecraft 

The Apollo spacecraft represents a much greater advance over 
the Gemini than the Gemini did over the Mercury spacecraft. 
The Apollo spacecraft was redesigned to carry three astronauts 
rather than two, but these changes were small in comparison 
with those made to lake care of much more complex fli^t op- 
erations: the flight on the earth-moon trajectory, the orbiting of 
the moon, the descent to the moon, and the ascent to lunar orbjt. 

To enable two of the astronauts to make the lunar landing, 
a third modHle, the spiderlike lunar module, was added to the 
Apollo spacecraft. This module, which detaches from the main 
body of the spacecraft to make the landing on the moon and re- 
turn to lunar orbit* contains its own rocket booster and launch 
pad for use on the moon. This was the first time a rocket -booster 
for launching was inclosed in a US spacecraft. 

The Apollo spacecraft consists of three modules: the com- 
mand module, the service module, and the lunar module (Fig. 
84). The cone-shaped command module might be compared with 
the Mercury spacecraft and the reentry module of the Gemini, 
the service module with thb adapter module of the Gemini. The 
lunar module, as noted, is new with the Apollo spacecraft. 

When the Apollo spacecraft rests on the Saturn V booster in 
readiness for the moon launch, the entire stack rises 364 feet 
above the launch pad (Fig, 84). Of the total height, the Apollo 
spacecraft makes up only about one-fifth, or 82 feet, of the stack. 
The remainder is made up 'of the giant Saturn V "booster. Gen- 
erating 7.5 million pounds of thrust at liftoff, the Saturn V raises 
the heavy Apollo spacecraft, which has ranged in weight from 
97,000 to almost 100,000 pounds, and puts it into a parking 
orbit around the earth. The third stage of the booster remains 
attached for firing later to put the spacecraft into the earth-moon 
trajectory. Of all the flight equipment on the stack, the only part 
that finally returns to the earth is the relatively small cone- 
shaped command module. 

The command module, which rests at the top of the stack 
under the launch escape tower, has the small end up, just as the 
Mercury and Gemini had. The command module is the com- ' 
mand post of the spacecraft and the part In which all three 
astronauts ride for most of the trip. It contains the couches for 
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the three astronauts, the instrument panel, small thrusters to con- 
trol the attitude of the spacecraft, the life-support equipment, and 

* the parachute^ and all other equipment needed for reentry. The 
quarters are stiU crampod, but the center couch can be folded 
back. With the ^at portion up, two astronauts can stand up at 

* one time to chetk equipment and navigation instruments. The 
command module has double walls. On the Apollo command 
module the heat shield covers the entire module to protect it 
against temperatures as high as 5,000 degrees F., which are reached 
when the module returns from the moon at speeds of more than 
24,500 mph. 

Attached to the command module is the service module. This 
houses the large propulsion engine, which is fired for making mid- 
course corrections, for braking the spacecraft to go into orbit 
around the moon, and finally for putting the spacecraft on a tra- 
jectory from the moon to the earth. The large bell-shaped nozzle 
of the propulsion engine is a conspicuous feature at the aft end 
of the spacecraft in flight. The service module also contains re- 
serve supplies of power, oxygen, and water. 

The command and service modules, which are identified by a 
single code name, remain attached all during flight up to the time 
of reentry. The command module cannot operate alone except for 
the brief period at reentry. The combined command-service mod- 
ules remaip in orbit aroiiJfd the moon, piloted by one astronaut, 
while the other two astronauts take the lunar module down to the 
moon. 

At the tip end of the command module is the docking probe 
that is inserted into the lunar module, together with the tunnel 
that connects the command module with the lunar module. When 
the two astronauts are ready tp begin preparations for the landing, 
they equalize the oxygen pressure in the two modules before open- 
ing the pressure hatch to enter the lunar module and check sys- 
tems. Both the lunar module and the command module are pres- 
surized for breathing; the service module is not, as the astronauts 
do not enter it. The command module docks with the lunar mod- 
ule durin| flight. 

* At/iaunch the lunar module rests at the bottom of the Apollo 
sp^craft. It is housed in the adapter to protect it during the- 
fnght through the earth's atmosphere. The lunar module remains 

» in the adapter until docking, which takes place on the trajectory 

151 



SPACECRAFT AND THEIR BOOSTERS 



from the earth to the moon. When it is time for docking, thnisters 
fire to release the command-service modules and to cause the parts 
of the adapter to fall away much like the petals of a flower, leav- 
ing the lunar module exposed (Fig. 85). The command-service 
modules turn through 180 degrees, dock with the lunar module, 
and pull the lunar module away from the third stage of the * 




3 DOCKING 4 DOCKED SPACECRAFT 



Figure 85 DOCKING COMMAND SERVICE MODULES WITH LUNAR MODULE. Thit 

dockrng, done early in the flight, it ane of the key maneuvers of an Apollo moon 

flight. After the Apollo spacecraft it inierted into the earth-moon trajectory, the third 

itagt of the Saturn V booster h ttill attached (1). Tp begm the maneuver, the command- 

lervico modules are flrit separated. Then explosive bolts fire, causing the sections of 

the lunar module adapter to fall away [2; Next the command-service rtiodule* turn • 

in a half circle (180 degrees) and dock with the lunar madule (3). The lunar module 

IS pulled away from the spent rocket stage, and the ApoDo spacecraft is now in its 

flight confi^uroiion (4) The nozzle of the large propulsion engine m the service module 

IS then exposed, allowing a burn of the engine for making a midcourse correction. • 
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Saturn V booster. The sparecraft is now in its flight configuration 
and ready for , landing on \he moon. 

When the lunar module descends from lunar orbit toward the 
moon, the descent engine fires to brake it gradually. As the astro- 
nauts guide the lunar module down toward the moon, they stand 
up and peer through two small openings onto the moonscape be- 
low. Just before landing, the lunar module hovers briefly, much 
as a helicopter does, to allow the pilot to select a suitable landing 
spot. Once on the moon, the lunar module becomes the base of 
operations for the astronauts. It provides the water and oxygen 
to supply their moon suits during EVAs, as well as all other life- 
support supplies they will need until their return to the main 
spacecraft. 

Because so much more complicated flight equipment had to be 
put together and work precisely to make the moon flights pos- 
sible, each module had first to be flight-tested separately to see 
that it operated as it should. Before taking up the preliminary 
Apollo test flights, it is helpful to consider the overall plan for the 
moon landing, as this shapes the plans for all flights. 



Flight PIwi for the Moon Undhig 

No two Apollo moon flights have followed exactly the same 
_plan. Variations have been made to adjust to such conditions 
as the'location of the landing site, the kind of lighting, the amount 
of stay-time plannned, and the kind of experiments to be done. 
After the time of launch jindjecovery is set, each flight is planned, 
beginning- with recovery time and working backwards. The general 
plan given here outlines the main events in a moon flight in the 
order in which they occur. 

At launch the gi^t first stage of the Saturn V fires to lift the 
Apollo spacecraft from the earth. After burnout, the first stage is 
jettisoned, and the second stage begins to bum. Next the launch 
escape tower is jettisoned. When the second stage burns out, it 
falls away, and the third stage fires. This final stage remains at- 
tached to the spacecraft as it goes into a parking orbit around the 
earth (Fig. 86). 

While in earth orbit, the astronauts check systems and navi- 
gation instruments. After the spacecraft orbits the earth about 
one-and-a-half times, the third stage of the booster refires at .a 
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predetermined point to send the spacecraft on thaJtk^^ry to the 
^ moon. ^ 

Early in the flight on the earth-moon trajectory, Jhe astronauts 
dock the command-service modules with the lunar iMdule, as pre- 
^ viously described. The Apollo spacecraft in its regul^flight con- 

figuration, with the lunar module in front, continues on\its way to 
the moon. As many midcourse corrections are made aAnecessary 
to keep the spacecraft on course. Usually the trajectory is highly 
accurate, and one correction is adequate. 

As the spacecraft approaches the moon, it is turned in orbit 
so that the aft end is forward and the large propulsion engine in 
the service module is exposed for firing to brale the spacecraft 
and put it into orbit around the moon. The spacecraft orbits the 
moon several times, allowing the astronauts to survey the landing 
site and make further checks of the lunar module. Finally the lunar 
module is separated, and the two astronauts take it on a trajectory 
toward the moon, braking it gradually until they can bring it down 
gently on a fairly level surface. 

The kind of exploration to be done on each flight is carefully 
planned in Advance, and the amount of stay-time is set. At the 
time apppfinted for departure, an astronaut fires the ascent en- 
gine, and the lunar module lifts off from the surface, leaving be- 
hind the lower portion 'of the Itinar module {the descent stage). 
The top portion of the lunar module (the ascent stage) seeks out 
the main spacecraft left in lunar orbit, and the pilot of the com- 
mand module docks the main spacecraft with the ascent' stage of 
the lunar module. 

After the moon-landers come back into the main spacecraft 
and bring with them their rock and soil samples, the remaining 
stage of the lunar module is jettisoned. The main spacecraft is 
then ready for the trip back to the earth. The large propulsion 
engine in the service module is fired, sending the spacecraft on the 
return trajectory to the earth. 

On the trip back, midcourse corrections are made as neces- 
sary, just as on the journey to the moon. As the spacecraft ap- 

« proaches the earth, the service module is jettisoned, and the com- 

mand module reenters the earth's atmosphere. The impact with 
the atmosphere cuts down the speed of the spacecraft. Then a 

• drogue chute opens, and finally three large orange-and-wKfte 
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Striped parachutes further brake the spacecraft before splashdown 
in the Pacific Ocean. 

Although remarkably rapid progress was made during each of 
the Apollo flights, several preliminary flights were required be- 
fore the moon landing could be scheduled. 



Apollo Flights 

The first six unmanned Apollo flights^ tested equipment: the 
two Saturn boosters and the three flight modules. TTie smaller 
Saturn booster, the Saturn IB, was used for flights that "did not 
carry full equipment or go to the moon. The giant Saturn V was 
used for the fully equipped spacecraft and the moon flights. 

Plans for the manned Apollo flights were open-ended. No de- 
tailed plans were made in advance, as had been done before. The 
astronauts were to proceed as far as it was safe for them to go on 
each flight. The first Apollo manned flights tested equipment. 

Tests of flight equipment.— Tke first four manned Apollo 
flights, (Apollo 7, 8, 9, and 10) were made alternately in earth 
orbit and in orbit around the moon (Table 4). Each flight carried 
one or/ more experiencetHistronauts/'^ 

On the Apollo-7 flight, made in October 1968 and commanded 
by Wally Schixra, one of the original seven astronauts, the com- 
mand module proved itself ready for fligHte to the moon. The heat 
shield worked well, and all systems operated satisfactorily. One 
feature of the flight was the "Wally, . Walt, and Donn Show," 
which gave the public its first real-time television view of life in 
the weightless condition in a spacecraft The other astronauts on 
board were Walter Cunningham and Donn Eisele. 
V The historic .Apollo-8, flight took men to the moon for the first 
trnie. On Christmas Eve, in 1968, Astronauts Frank Borman, 
Wnies A. Lovell, and William Anders (Fig. 87)j^ from the Bible 
the awesome words describing Creation as they orbited the moon 
and gave earth dwellers ^ new look at the .moon and the planet 
earth as seen from thai|n)oon. This important flight tested naviga- 
tion and midcourse corrections on the long earth-moon trajectory, 
^^ifd it was the first manned flight made with the Saturn V booster. 
The Apollo 8 qarried a dummy lunar module; no landing was 
planned. 



'There were tlx pre para tor > unmanned Hi phis, bur thc^c were not numbered id ^quencc 
Chanres wcrv made m numbcnnj? and scheduling fJiRht^ because of the (ire on the^nch pad 
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F.gor. 87 CREW MAKING 1h\ FIRST FLIGHT IN LUNAR ORBIT. From Uft to r.ght or* 
ApoHo A$tronout$ Fronk Bormon, Wdliom Anderj, ond Jermej LovelL Thew o$tronout$ 
mode the firjt trip on the lunor tro|ectory dwr.ng th« Apolio-8 flight ia.Decemb«r 1968 



On the Apollo-9 flight^ March 1969. Astronauts James Mc- 
Divitt. David R Scott, and\Russell (Rusty) Schweickart made a 
thorough test of the lunar mcfaule in earth orbit They ran through 
the procedufcs for rendczvotN and docking of the Gum Drop 
(command-service modules) with the Spider (lunar module). The 
tests of the Spider (Fig 88) \vcre especially important, as the lunar 
module was a new piece of flight equipment, The Apollo 9 was 
the first all-up flight, or flight carrying all the equipment needed 
for a lunar landing 

Because the performance of the^l^^ar module w.ould be the key 
to a successful landing, the module was further t^ed during the 
Apollo 10 flight, this time \n lunar orbit. During Apollo 10 
Astronauts Thomas Stafford and Gene Cernan took Snoopy, the 
lunar module, on a descent trajectory to a low orbit above the siti?* 
where the landing uduld soon be made. Astronaut John YoL^g 
stayed with Charlie Brown (iht command-service modules) m lunar 
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orbit (Fig. 89). After Snoopy made a rendezvous and Charlie 
Brown vvas docked with Snoopy, the simulated landing was com- 
plete. All was in readiness for the first actual landing. 

First moon landing. — The Apollo 11. launched from Cape 
Kennedy in Jul) 1969, was scheduled to make the first moon land- 
ing. The flight was commanded by Neil Armstrong, (Fig. 90), 
who had brought the Gemini 8 down safely for am emergency 
splashdown in the Pacific Ocean. The second mpon-lander was to 
be Astronaut Edwin Aldrin, who had specialized in celestial me- 
chanics and practiced underwater to simulate the space work 
planned for his Gemini- 12 flight. The third astronaut, the pilot 
of the command module, was Michael Collins, who had per- 
formed JEVA on the Gemini- 10 flight. 

All went well on the trip out to the moon. Excitement 
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F.gure 89 COMMAND SERVICE MODULES IN LUNAR ORBit Th„ photogroph of th, 
Apollo commond jer»,ce modulej Chorlie Brown i woj token iioi^ the lunor module 
(Snoopy dormg the Apollo- 10 flight Th„ flight wo» o dress reheorjol for the lunor 

landing 



mounted as the spacecraft passed behind the moon, where the 
rwket was fired to brake the spacecraft The burn was success- 
ful and the Apollo went mto orbit around the moon Armstrong 
an^ Aldrm made the final check on the lunar module, the Eaglet 
before \\ separated from the Columbia The Eagle made the de- 
scef5t to the moon almost exactly as had been ^ne on the Apollo- 
10 flight When Armstrong and Aldrin were preparing to land the 
Eagle, they noticed large boulders covering the landing site Tak- 
ing over partial control. Neil Armstrong fired the thruCiers to take 
the Eagle to a smoother place at the edgt of the landing site Just 
as the fuel was almost evhausted. Armstrong put the Eagle down 
with the words ^'Houston. Tranquihtv Base^ here The Eagle has 
landed" It was 4 17 pm EDT on 20 July 1969 

After venting the oxvgen, from the lunar' module and checking 
all equipment, the moon-landers prepared to climb down from the 
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F gurf 9C CRtW rCR PIPS'" MOON LASDlNG Thf c'Pv, c- Apo*!o n when ^od^ 

Co ■ ^. o^a £dvv - A 2' ^ As^'O'^Ow's A o-^g c^d A d -^od^ io-^d "g 

As"0''ojt Coll -^i pi o*>?d '^f Co i^-^o o !y"a' O'ip ' e c"v!"' 'wo oV'O'^outi 

wf^e on ♦hf moon t 



fr(^ni pi^r^h of th. F .-iik .md ^icp onto the moon People j11 
owr thL Aorld vhjr.d th. exp.rkn^^ Aith the .istron.iutN h> mean^ 
of telvMMon .tnd r d:o In the e'.ne li^^ht Neil XrniNtr^nL: nude hiN 
.arefiilK doun vrcpv \s put h'^ tir^t '^o'>t ('^n the moon 
he Na'd Th..t^ t>nv ^n^.ll vi.p tor a m^n on. j,.int le ip for man- 
kind \ <T the timv 'H t^^e h sior\ of ih. w^rld ni.in h.id put 
foot on anv^th^r ^vL^t.il Sod\ !<■ b.LMn f'rv'h.ipd e\pIor,ition 

To n.trk ths hivV iv^^ isi.^n Prj^d.^! N.^'^n teLphoned th;. 
a^tr(>naut^ from the W^'iV Hoi.ve In - 'v.s- je h. s 'id For one 
p^keIe^^ monunt in ^he a hole h ^tor\ of m n 'II the people on 
thtv ^arth >rul\ on, ^-one m ^hej pr.de jn v».h,u vou ha\i. doni. 
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and one in our prayers that you will return safely to earth." 
The plaque that the astronauts left on the moon stated. *'We came 

^ in peace for all mankind," and they carried medals to honor Soviet 

Cosmonauts Gagarin and Komarov, who had died in accidents, as 
well as the three American astronauts who had lost their lives in 

« the fire on the launch pad. After setting up an American flag, 

stiffened with wire so that it appjeared to wave on the airless moon, 
the astronauts proceeded with the first expjeriraents. 

The EVA made the first real test of the new Apollo moon suit 
with its remarkable backpack, or Portable Life Support System 
(PLSS). Dressed m the suit and carrying the backpack (Fig. 91), 
each moon-lander actually becomes an indepjendent spacecraft, as 
he carries with him all the support that he needs during EVA, The 
system provides cooling, water, electric power, communications, 
and oxygen enough to last for hours outside the lunar module. 




Figur. 91 ASTRONAUT AT SITE OF FIRST LANDING. Astronout Edwin Aldrin is shown 
slonding m front of tht lunor modult (tht Eogit) after th« world's first londirfg on 
th« moon on 20 July 1969 Tht picturt wos toktn by Astronout Nttl Armstrong, tht 
first men on tht moon Nott tht moon suit end the Portobit L»ft Support Systtm 
(PtSS) thot Astronout Aldrin is carrying. 
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BuiJl into the suit, which is constructed in layers somewhat like a 
thermos bottle, is protection against intense heat and cold, harm- 
ful radiation, and micrometeorites. The gold visor on the helmet 
protects the astronaut against the strong glare from the sun. 

After an EVA lasting about 2Vi hours, Armstrong and Aldrin 
returned to the Eagle, repressurizcd it, and powered up the sys- 
tems once again. Then they settled down to eat and rest. 

After remaining for 21 hours 36 minutes on the moon, the 
a^-onauts launched tfie Eagle into lunar orbit, leaving behind the 
descent stage The Eagle made a rendezvous with the Columbia, 
as it was being piloted by Collins on its 27th revolution of the 
moon. After the happy reunion in the Columbia, the astronauts 
stowed their rock and soil samples. Then they prepared for the trip 
back to the earth and a triumphant splashdown and recovery in the 
Pacific Ocean. President Nixon was on the recovery ship, the 
Hornet, to welcome the heroes. The| President talked to the three 
astronauts as they peered from theilr quarantine facility. Celebra- 
tions had to wait until the quarantine period was over. 

The successful flight of Apollo 11 marked the achievement of 
the principal goal set for Project Apollo. American astronauts had 
landed on the moon and returned safely to the earth. The way 
was now open for exploration of the moon. 

Later flights.— On the Apollo- II flight the astronauts had 
shown that they could master the difficult landing on the moon 
and the launch into lunar orbit. On the Apollo- 12 flight, made in 
November of the same year, Charles Conrad and Alan Bean suc- 
ceeded in bringing down the Intrepid to make a pinpoint landing 
in another lunar plain, the Ocean of Storms (Fig. 92). 

The first two moon flights and landings were made with such 
success that the public was not aware of the precision required 
for an Apollo flight and of the many hazards that such a flight en- 
tails. Then, on the Apollo-13 flight, made in April 1970, an 
oxygen tank in the Apollo spacecraft exploded, and the public 
realized some of the dangers that astronauts face. 

Astronauts James Lovcll and John Swigcrt were preparing for 
the moon landing when the explosion occurred. It ripped a hole 
in one side of the service module, and oxygen began venting from 
the service module. Fortunately, the lunar module had not yet 
separated to make the descent to the moon, but the propulsion 
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Ftgyre 92. ASTRONAUT DURING EVA ON MOON ON AP0U0.12 FLIGHT Abovt «s 
shown Astronout Alon Beon p«rformmg scientific txpertments on the moon. Note hjs 
Portoble life Support System (PLSS), helmet ond moon suit, comero, ond hond tools 
The picture wos token by his fellow moon lender, Astronout Chorles Conrod> 



engine in the service module had already been fired to take the 
spacecraft out of the free-return trajectory. 

After looping around the moon, the damaged spacecraft would 
go into lunar orbit unless a propulsion engine was fired to put it 
on a trajectory back to the earth. A serious decision had to be 
made What engine would be used? Since it was not safe to at- 
tempt to use the engine in the damaged service module, NASA 
officials decided to tr> using the propulsion engine in the lunar 
module. The astronauts fired the engine, and there was an agoniz- 
ing pei;i£id of waiting. All went well. The spacecraft was soon 
speeding back to the earth, but it was due to splash down in the 
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Indian Ocean, short of the recovery site. The engine would have 
to be fired once more to gain speed. Again there were anxious 
moments. The engine bum was successful, and the spacecraft 
headed toward its designated recovery site. 

During the return flight the lunar module was used- as a life- 
boat. At first the astronauts used the command module for a bed- 
room, but the cold soon forced them to depend upon the lunar 
module tor sleeping room also. Just before preparing for reentry, 
the astronauts crawled back through the connecting tunnel to the 
command module and powered up its systems once more. About 
an hour and a half before reentry, they jettisoned the lunar module 
(Fig. 93). Mission Control radioed, 'Tarewell Aquarius and we 
thank you." Lovell added, "She was a good ship." 

Once clear of the lunar module, the Odyssey prepared for re- 
entry and splashdown in the Pacific Ocean. The astronauts' were 
safely recovered after one of the most accurate splashdowns ever 
made. The near tragedy caused modifications to be made in the 




F.gurt 93. LUNAR MODULE LIFEBOAT. ThU Ww af ,h# AquarJui wa, taktn from th« 
command maduU of the Apalla.|3 ,pac#croft aU.r th« Aquarius was j.ttiian.d. Natt 
that th« landing pads ar« still attached ta th« lunar moduU. Th«. Apalla-lS astranauts 
w«r« unabU ta mak« a moon landing because af an explasion in th« s«rvic« moduU. 
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Figor. 94, ASTRONAUTS RECOVERED AFTER FIRST EXPLOITATION OF LUNAR HIGH- 
LANDS. Tht Apollo- 14 ostronouts ore (l»ft to right) Edgor Mitchtll, Stuort RooJo, ond 
Alon Shepord. Shepord ond Mitchell mode tht moon londing in tht Fro Mouro high- 
lond oreo ond txplortd tht orto oround their londing site. Tht Apollo-14 ostronouts 
ort shown wotching rtcovtry operotions In tht Pocific Octon. 



service module, and another pxygen tank was add^d to the module. 

On the Apollo-14 and the ApolIo-15 flights the astronauts made 
pinpoint landings on the moon, as they had on the Apollo- 12 
flight, but the later landings were made in the more hazardous 
highland areas. 

Apollo- 14 was commanded by Alan Shepard (Fig. 94), who made 
the first Mercur> suborbital flight. He brought the Antares lunar mod- 
ule down in the Fra Mauro highland area, which had originally 
been scheduled as the landing site for the Apollo 13. As he 
stepped onto the moon, Shepard said, "It's been a long time, 
but we are here." The words had a special personal meaning for 
Shepard. He had been taken off flight status after his Mercury 
flight because of problems with his inner ear, but he had under- 
gone surgery which enabled him to return to flight status. Shepard 
was the only one of the original seven astronauts still on flight 
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duty, and he did not mind it if well-wishers joked about his being 
an old man and presented him with a cane. 

On the Apollo- 15 flight, Astronauts David Scott and James 
Irwin put the Falcon down safely in an even more treacherous 
landing area at the edge of the Apennine Mountains and a gorge 
known as Hadley Rill. The Apollo 15 was the first Apollo space- 
craft that carried the heavier load of scientific equipment and the 
jeeplike poNvered lunar rover (Fig. 95). With the added equipment 
and the experience gained on previous flights, Scott and Irwin 
were able to extend exploration. On their three EVAs on the moon 
they totaled more than 18 hours, or almost as much time as on the 
three previous landings combined. 

On the Apollo- 16 flight, made in April 1972, Astronauts John 
Young and Charles D.uke put the lunar module down on a plain in 
the Descartes highland' area. This was the first exploration made 
in the interior of the highlands. The lunar rover performed even 
better than on the previous landing, and time on the three EVAs 
was extended to 20 hours 14 minutes. An extra day to be spent in 




Figur. 95 POWERED LUNAR ROVER CARRISI> ON APOLLO SPACECRAFT. To the right 
of th* lunar moduk, the Falcon, is shown tht lunar rover earned an the Apolla-15 
flight Astronaut Irwin Is saluting the flag. The Apennine Mountains of the moon are 
shown in the background 
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lunar orbit was cut because of trouble with the backup for the 
guidance system of the large propulsion engine in the service module. 

One more Apollo flight is scheduled for December 1972, On this 
flight the landing is to be made m the Taurus- Littrow area, a highland 
^ea with gorges. This site, like that of all later flights, was selected 
for its scientific value. Scientists will continue to study the findings 
made on the Apollo flights long after they are completed. 

While scientists are interpreting findings made during the 
Apollo flights, American astronauts will be working to achieve our 
next major goal for manned spaceflight: to put a space station 
into earth orbit. The Skylab' will be the first experimental space 
station, 

SKYLAB AND MODULES FOR VISITING IT 

By making use of equipment developed for the Apollo flights, 
engineers have built the Skylab, the forerunner of our first space 
station. The Skylab has the Saturn Workshop, which includes a 
laboratory and living quarters for the astronauts, and a small ob- 
servatory (Apollo Telescope Mount), The Saturn Workshop is 
built from the empty shell of the third sta"^ of the Saturn V 
booster. The Skyjab, to be launched into earth orbit in 1973, 
will give us a small temporary space station. 

The combined Apolfo command-service modules, modified for 
their new use, are to be 'launched from the earth on the smaller 
Saturn IB booster. The spacecraft will take three astronauts to 
rendezvous with the Skylab and dock with the Multiple Docking 
Adapterv(Fig. 96), The modules will remain docked until the astro- 
nauts' tour of duty with the Skylab is over. 

The first visit to the Skylab is planned to last 28 days, and the 
second and third visits are to be extended to 56 days. During their 
visits the astronauts will conduct experiments to investigate the 
way in which a space station would be useful to man and to tell 
us more about how well men can live and work in space. When 
their tour of duty in the Skylab is completed, the three astro- 
nauts will undock their spacecraft and return to the earth ^or re- 
covery in the ocean, just as is done on the Apollo flights. 

The Skylab docs not look backward on the Apollo flights, 
however, but forward toward a' new era in manned spaceflight. 
The expendable ACpoWo modules that are to be used for visits to 
the Skylab are forerunners of the space shuttle and the new re- 
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Figure 96. MODIFIED APOLLO MODULES DOCKED TO SKYLAB. The cvtowoy drowing 
shows these modules (lowtr l«ft) ofter thty hove corned thret ostronouts to the Skylob 
The modules ore to be lounched by the Soturn IB booster. After the ostronouts' tour 
of duty in the Skytob is over, the modules will toke the ostronouts bock to eorth. 
The service module will be jettisoned before reentry, ond the commond moduU wiil 
be recovered os on the Apollo flights. 

usable space vehicles. We afc now preparing to enter a new era 
of spaceflight that should bring with it many remarkable ' develop- 
ments^. 

TERMS TO REMEMHER 



module of a spacecraft 
form-fitting couch 
attitude of the spacecraft 
redundant engineering 
life-support system 
heat shield 
counterpressure 
space suit ' ' 



ablation 

simulated spaceflights 

G-forces ^ 

weightlessness 

weightless trajectory 

centrifuges 

suborbital flight 

large propulsion thrusters 
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rendezvous * depressurize the space cabin 

docking reaction force 

extravehicular activity (EVA) earth-moon trajectory 
lunar orbit rendezvous (LOR) pure-oxygen atmosphere 

telemetered medical data landing site 

space coveralls moon suit 

heavy space suit for EVA Portable Life Support System (PLSS) 

maneuvering gun ' lunar rover 



NAMES OF SPACECRAFT 



Mercury 

Gemini (reentry module and adapter module) 
Agena target vehicle 

Apollo (command module, service module, and lunar module) 
Skylab and command-service modules for visiting it 



IDEAS TO REMEMBER 



. Man could not truly >xplore space until he could go into space himself 
to make firsthand* observations. 

:. The first American long-range goal for manned spaceflight was to land 
a man on the moon and return him safely to the earth. In reaching the 
first goal, the Mercury spacecraft was used for Step I. the Gemini for 
Step 2, and the Apollo for Step 3, the final step. 

. During Step 1 the Mercury, a one-module spacecraft, carried a single 
astronaut m orbital flight. Six manned flights were made with the Mercury: 
two suborbital flights and four Orbital flights. Astronaut Alan Shepard* 
made the first suborbital flight, and Astronaut John Glenn made the 
first American orbital spaceflight. The goal of Project Mercury was to 
extend orbital flight to one day (24 hours). On the final Mercury flight 
Astronaut Gordon Cooper remained in orbit for about one day and a 
half, thereby exceeding the goal set. On the Mercury flints the astro- 
nauts became pilots rather than passengers in the spacecraft. 

. During StepT2 the Gemini, a spacecraft made up of two modules (reentry 
module and adapter module), carried two astronauts during flights in 
earth orbit intended to prepare for the Apollo moon flights. The principal 
goals of Project Gemini were (a) to extend time in orbital flighl up to 
about two weeks, (b) to develop and practice rendezvous and docking, 
and (c) to develop and practice extravehicular activity (EVA): so-called 
space walks and space work. Ten manned flights were made in the 
Gemini in less than two years. All goals were met. 

J 

MX 



177 



SPACECRAFT AND THEIR BOOSTERS 



5. During Step 3, the Apollo, a spacecraft made up of three modules (com- 
mand mbdule, service module, and lunar module), landed American 
astronauts on* the moon and returned them safely to the earth, thus reach- 
ing the first American long-range goal for manned spaceflight. The first 
landing, made by Astronauts Neil Armstrong and Edwin Aldrin on 20 
July 1969, marked the first time in the history of the world t^at man., 
had landed on a celestial body outside the earth. The first landing was 
preceded by four flights to test the Saturn boosters and the modules of 
the spacecraft (Apollo flights 7, 8, 9, and 10). Four more successful 
landings were made (Apollo flights 12, 14, 15, and 16) to continue 
exploration of the moon. Apollo 13 was unable to land because of an 
explosion in the service module. One more exploratory flight still remains 

* to be made. 

6. With equipment developed for the Apollo flights, the United States is 
preparing to take the first step toward reaching its second long-range 
goal for manned spaceflight: to put a *space station into earth orbit. 
Thp Sky lab, to be launched during 1973, is an experimental spac^ station. 
Modified Apollo command-service modules will be used for visiting 
the Sky lab. The first visit is to last up to 28. days, the second and third 
visits up to 56 days. 



1. Wb«t was the flrst US long-range goal for manned spaceflight? What 
is the second such goal? 



2. When was Project Apollo proposed? Why were the Gemhii flights sched- 



toward the moon? ^ 

3. What new flight stresses did the astronanti experience on the Mercury 
flights? 

4. Why was the cone^shape chosen for the design of the Mercnry spacecraft? 
How did the Mercurj^ capsule operate at reentry? What kept it from 
being bnmed np in the atmosphere? 

5. What kind of Iife*support system was nsed hi the Mercury spacecraft? 
How did the space suit tie hi witli the system? What changes were made 
hi the space suit for use on the Gemini and Apollo spacecraft? 

6. What special Und of tnUning do astronauts receive? 

7. What was the result of the Mercury flights? Describe the Wo most 
important Mercury fll^ts« 

8. In what ways was the Gemini an advanced spacecraft? 

9. What did the Gemini astronauts use as targets for rendezvous and dock* 
hig? Why was practice in rendezvous and docking needed? How would 
these majieuvers be used cm the Apollo flights? 

10. What' was the longest flight made by US astronauts? Does this still 
hold the worid record? 

11. Describe the world's flrst rendezvous? When was docUng flrst done? 
Describe the fkst US space walk. 



QUESTIONS 



uled? What were the three steps that 




ruited States took hi advauchig 
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12. What art the thret modules of the ApoUo spacecraft, and how Is each 
used in the flight to the moon and the landii^ \ 

13. What was the purpose of the earty ApoDo flights? How many flights were 
made before the first mooq ^landing? 

14. Describe 'the first moon landing. When was It made and by whom? 
What was accomplished by the landing? 

15. What was the purpose of the later ApoDo flints? Were they successful? 

16. What unusual use was made of the lunar module on the ApoDo-U flight? 

17. Hare the ApoDo flints been completed? If so, what would you consider 
to be file "most Important result(s) of the flights? If the flights hare 
not been completed, what would you consider to be the Important re- 
snlt(f) .to date? 

18. How win the modified, Apollo command-sepice modules be used for 
visits to the SkyUb? Where wHi the modules be kept while the astronauts 
are at yrqrk in the Skyiab? How wiD the modixles be brought back to 
tbe earth? 



thIxNGs to do 



s. 



1 Compare the three US manned spacecraft developed for the moon journey 
(Mercury, Gemini, and Apollo). Consider the number of astronauts that 
each spacecraft carried, the number of modules, the relative size of the 
spacecraft, and the ^inds of flighu to be made. Compare also the size 
of the three boosters used for launching and the amount of thrust each 
booster produced. What .would you consider to be the three most 
important developments made in manned spacecraft as these three series 
of spapccraft were flown? - ■ 

2 Make a special study of the Apollo lunar module. This was the one 
piece of flight eqoipmenl new on the Apollo flights. The lunar module 
operates only in space and does not return to the earth. Secure a model 
of the lunar m6dule or a good drawing of it. Describe how the module 
operates during lunar orbit, the descent to the moon, the landing, and the 
ascent and docking with the command-service modules. What special 
use was made of the Aquarius lunar module on the Apollo- 13 flight? 
Can you foresee a/use for a module like the lunar module when the 
space shuttle and the new reusable space vehicles are operating? 

Do some research and then write a description of cither the first US 
suborbital flight, the first US orbital flight, or the first moon landmg. 
Tell the principal happenings during the flight Pomt out the historical 
significance of the flight. Perhaps you can arrange with your history 
or English teacher to allow you to submit this essay in fulfilment of an 
assignment in' his class. 

Describe the main operations that take place at reentry and recovery 
at the end of ^an Apollo flight. How does the position of the command 
module at reentry help in braking it? What prevents the module from 
being. burned up in the atmosphere? How are the parachutes used? Are 
the astronauts ^|ft||cr after they splash down? Why are ^ the Apollo 
astronauts no IongeQ|uarantined? How has dropping the quarantine made 
recovery simpler? 
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5 Select one of the Apollo astronauts who has a special interest for you. 
Make a study of his Apollo flight (flights) and of any earlier flights 
he may have made on the Mercury and Gemini spacecraft. Find out 
something about his qualifications for being an astronaut and about the 
special training he has had Perhaps your English teacher will accepi 
your e^y m fulfilment of an assignment m his class 

6 Make a study of one of the Apollo flights that has special interest for 
you. Describe the principal events of the fhght Concentrate on the 
operations of the spacecraft rather than on the exploration done on 
the moon. Explain the significance of the fhght 

7 If there is an Apollo flight yet to be made, make a special study of 
this flight. Follow closely the news releases and television broadcasts 
of the flight. Pick out the most important ha3>enings on the flight 
and describe these. Explam the importance of the flight. Later, compare 
your appraisal of the flight with reports appearing in aerospace magazines 

8 Prepare a report on the command-scrvjce mcBules to be used for visits 
to the Skylab See what you can fmd out aJout the modules that will 
be reserved for rescue operations should thescbcp^mc^iiS&sary. How 
will the reserve modules be modified? Be alert f^N^Srwdeveloprnents 
as the time approaches for the launch of the Skylahjand the first visit 
to be made to it (1973). What spacecraft will be u»d m place of the 
command-service modules when the first permanent tpace station is m 
orbit? 
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THIS CHAFTBt tok«i o itImpM Into tf» fufur* 
lo mdk* prvdktums cAoct spocvcraff of fomof. 
row bos«d upon ptoni bttng drawn up by 
NASA. Til* chcptBf b«9tru by dMcrib{r>9 plans 
for fho futt ptrman«nt spoct station and th« 
n«w rn;i4(U tpoca v«hld« iHot ¥nU Mrviot 
}t It t»n» how tbm rvtrtobU vthkiM, which or« 
to bo port of « ntw spoct tropjportoHon 
»y«t«n, thouW art down tho eett of .spoc* 
Joundws. Emphasis U plocMf on tho spoc* 
»hyttWr which hos fiwt prionty. Won* for firturo 
Pfan t ' or y prbbt* or» th«n dMcribtd, tog^thtr 
:waiMbo^-ipo«Kraft tha^^oro> to-br wd-for 
th# probM. Somo spMutatlon U th«t prvMntod 
obowt monnwl fBghtr to th« plcmtts and th« 
kind of jpooMToft that might mok« such flJghti. 
Wh«j yoo hero stodM tW* chopt«r, yoo should 
B« obI« to do th» foOow5n95 (1) «j^)la!a how 
th« pr«$«nc« of a spoco^stotlon In ocffth orbit 
wiO cfbct tho lounch and opwtlon of firtum 
«poc«erafr, (2) HM obout US plons for d#- 
v*lopln$r o spoc«.shuttW a>d othtr rtifsabit 
spoc* YthklM, (3) d«scr^ o spocvcroft thot 
««9{>* Mm ^ttlTonooH >o AAar» <«f jyoo. btOw 
«*ch o vthkl* Is not possIbU/ ghro rooionsX 



Aj6 the APOLLO flights are being com- 
fx. pleted, the United States is planning to 
m^e a new beginning with spaceflight. In- 
stead of making larger and more powerful 
boosters than the Saturn V and spacecraft 
that are more complex than the Apollo, 
engmftrs are now designing new kinds of 
reusable spacecraft These spacecraft arc 
to be launched into orbit much as present 
spacecraft are. The booster and the orbitcr 
portions will separate after launch. At first 
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probabl) the orbiter only, but ultimately both booster and orbiter, will 
fly back to the earth at the end of the mission and land much as 
aircraft do. After bemg refueled, checked, and given maintenance, 
the reusable space vehicle will be ready for another flight. With 
the rcusuable space vehicle, en^eers will be bridging tbe^ gap 
between aircraft and spacecraft. 

During the first decade and a half of space travel the United 
States and the Soviet Union took a shortcut into space by using 
rocket boosters developed from missiles instead of ^ting until 
experimental rocket aircraft could be orbited and advance into' 
space. Because missiles by their v6ry nature arc expendable, our 
first rocket boosters were expendable also. Now we are using the 
experience gained with both expendable rock^ boosters aiyl with 
aircraft to develop reusable space vehicles* 

When the first reusable space vehicles are ready for use, the 
astronauts vrlU probably be making visits to a permanent space station 
(Fig. 97), which is to follow the Skylab. After the Apollo flints 
are completed, the astronauts will again be concentrating on 




Bgur* 97. A DESIGN FOR A SMALL SPACE STATION. This drawing shows a propafol 
for using smalt moduUs to mak* up a six-man spoc* station Eoch moduU woukJ b« 
ovtfiHt^ for a porticular purpos«, tuch as for cr«w quarters, a control c*nt«r, or a 
gatUy (dining room). ModuUs eouid b« odd*d as n««d*d until a lorg* spoc* itallon 
was •itablish^d in orbft. 
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flights in a near-earth orbit. This does not mean that the United 
States has lost interest in further exploration of the moon and the 
planets. On the contrary, by establishing a space station near the 
earth, this country will have a way station for later flights to the 
moon and the planets, as well as a means for developing the prac- 
tical uses of space for earth dwellers. Our plans for a space station 
and for reusable space vehicles for visiting it are part of our 
long-range plans for the space program. They will help in develop- 
ing more advanced applications satellites and in designing and de- 
veloping space vehicles that will ultimately carry men to the planets. 

SPACE STATION A.ND REUSABLE SPACE VEHICLES 

When the United States has a permanent space station in earth 
orbit, scientists and astronauts will be able to conduct experiments 
in space that will advance all practical uses of spacecraft for com- 
munications, for weather observations, for navigation, and for sur- 
veying earth resources. Findings made as a result of experiments in 
the space stauon will help us improve construction of unmanned 
applications satellites, or will assist us in replacing these with 
modules in the space station or with satellites that are manned 
for at least part of the time. Experiments in the life sciences 
carried out in the space station, which should tell us more about 
man's ability to live and work in space, should give us the kind of 
information we need for building more advanced manned space- 
craft. As Dr. Charles Berry, NASA's Director of Life Sciences, 
has said, manned spacecraft must now be constructed that arc more 
like houses in which man can live rather than like the cockpits 
of aircraft. Co nstructing advanced manned sp acecraft will call forth 
the ingenuity ot both the engineer and the life scientist". TfieTTnd- 
^ings that life scientists make in the ^pace station should help the 
engineer. 

Of even more direct concern for the construction of future 
spacecraft are the designs that are now being drawn up* for the 
reusable space vehicles for servicing the space station. When 
President Nixon asked his special Space Task Group to make plans 
for the space program following the Apollo flights, the Group rec- 
ommended that the United States develop a series of reusable space 
vehicles as part of a new space transportation system. The first 
vehicle in the new system is to be the space shuttle, which is to 
be used for trips back and forth between the earth and the space 
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Station. Since the shuttle must be ready for use when the first 
permanent space station is orbited, the shuttle js being given first 
priority. 

One of the main reasons for developing the space shuttle and 
other reusable space vehicles is to cut down the cost of orbiting 
payloads in space. Today the parts of the space booster that launch 
a spacecraft are allowed to fall into the ocean or are jettisoned in 
space Of all the spacecraft modules orbited, only the reentry mod- 
ules of manned spacecraft are returned to the earth, and these are 
not refitted for another use. If space vehicle^ could be brought 
back after a spaceflight arjd used repeatedly, costs could be greatly 
reduced. Jt- is easy to see how the costs of sea and air trans- 
portation would soar if large oceangoing vessels and jet trans- 
ports were discarded after one use. Spacecraft cost far more than 
present-day sea and air transports and^ therefore represent a far 
greater loss when they are discarded. 

Just as we have learned how to make large cost reductions for 
^ aircraft payloads, we can make even greater reductions in the cost 
of orbiting payloads in space. The Jupiter-C booster that orbited 
Explorer 1, the first American satellite weighing about 31 pounds, 
put a pound of pay load into orbit at a cost of about $100,000. 
The Satjim V, which can put 280,000 poinds into a near-earth 
orbit, reduced costs for orbiting a pound of payload to about 
S500 The goal for the new r^sable space vehicles is to Reduce 
the cost even more, to about Sl(k) per pound of payload*Some 
experts believe that costs can be reduced even more than this. 
What is important is that we develop reusable space vehicles 
^ tfiat can bring about substantial economy in our space program. 

Engineers are now at work making plans for the space shuttle. 
NASA obtained ideas from many sources, and President Nixon has 
given approval for proceeding with the development of a two- 
stage partially reusable space shuttle with delta wings. This ve- 
hicle, after taking off like a rocket booster, would dump its booster'' 
pods into the ocean. It would then go into orbit like a space- 
craft. After discarding its major fuel tank in space, it would land 
as an aircraft does. The space shuttle will be able to stay in orbit 
up to 30 days, and it is expected to carry a crew of two plus 
tyco passengers, i^nyone who can travel in a modem jet trans- 
port should be able to fly in the shuttle, as it is not expected to 
generate G-force^ higher than 3-G The orbiter stage of the shuttle 
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will make use of highly efficient rocket engines burning hydrogen and 
oxygen much like those used in the second and third stages of the 
Saturn V booster. One design for the space shuttle is shown in 
Figure 98. 

With the space shuttle and the space station in operation, there 
will no longer be a marked difference between manned and un- 
manned spaceflight. Man's control over unmanned spacecraft will 
move from earth to a space station in earth orbit. Unmanned satel- 
lites can then be launched from the space station instead of from 
the earth. Satellites launched from the space station can be 
powered to enable them to ciiange orbit or the plane of orbit. 
With a space station in orbit, ^is country will in effect have a 
large spacecraft in a permanent parking orbit ^ound the earth, 
permitting scientists and astronauts to send spacecraft out in any 
direction from th^ 'earth. 

The shuttle and other reusable vehicles in the new space trans- 
portation system are likely to be developed in steps, much as the 
Apollo spacecraft was. Until the development of the space shuttle 
is further along, it will not be possible to make accurate predic- 
tions about the other reusable vehicles that are to follow it, 
but it can be expected that later vehicles in the new space trans- 
portation system will be more completely reusable. ^ 

While first priority is being given to the space shuttle, some 
studies have also been made of a space tug, or what is sometimes 
called the orbit-to-orbit shuttle. One design for the space tug is 
shown in Figure 99. The space tug could be launched with a 
Saturn booster. Once in orbit, the space tug is not likely to return 
^ to the earth, but it would return to the space station after use. It 
would transport freight to satellites in other orbits rather than pas- 
sengers. The only persons it would carry would be the pilot 
and work crev^ The tug could be used for resupplying the satel- 
yiitcs and for performing maintenance. ^ 

Other shuttles with more powerful propulsion systems will follow 
the first oiWs. The whole trend in th^ development of shuttles, 
is likely to be affected by the way the United States and other 
nations distribute their space stations. At the present time US plans 
call for developing only one space station. The size of the first 
space station is to be gradually increased, by the addition of more 
modules,^ until it could accommodate as many as 100 persons 
at one time. Indications now arc that we shall first .establish a 
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Figure 99 DESIGN PROPOSED FOR A SPACE TUG* The modules shown m the drowmg 
could be used seporotely or In different combmotions. The spoce tug would be used 
for corrymg supplies ond work crews. 



single large base in space in a near-earth orbit rather than sev- 
eral small space stations in different orbits. 

Some space experts predict that there will some day be space 
stations in many different orbit^s. The ne»xt choice might be to h^ 
a space station in synchronoi^s earth orbit. A space station placed 
in such an orbit would remain constantly over one area of the earth. 
By making use of highly acute remote sensors, scientists stationed 
at this position could make constant surveys of earth resources 
on the portion of the earth within their view. Another choice of 
orbit would be a polar orbit of the moon close to its surface. 
Scientist-astronauts stationed in such an orbit could make con- 
tinuous observations of the moon. When necessary, they could 
use spacecraft similar to the Apollo lunar module for making a 
descent to the moon and an ascent to the lunar station once again 
Later we are likely to establish a permanent scientific station on 
the moon, which would be somewhat like a scientific station in 
Antarctica. We would need a spacecraft to service the lunar sta- 
tion. 

Designs for reusable space vehicles are naturally being drawn 
to make use of present technology. While the first space shuttle 
and space tug are being designed and built, breakthroughs, or 
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highly important new development^ are likely to be made that 
will change the trend of development of other vehicles in the « 
space transportation system. Areas \ in which breakthroughs are 
most likely to occur are in (1) materials, (2) the use of oxygen 
, , from the atmosphere, and (3) auclear propulsion* New materials, 
such as carbon and boron composites, arc likely to be developed 
that will be stronger than steel but lighter than aluminum. If 
oxygen from the atmosphere could be used instead of part of the 
stores of liquid oxygen for an oxidizer during the early stages of 
flight, then the weight of propellant that a space vehicle muM 
carry might be substantially lessened. Most important of all, nuclear 
engines should soon be available for use on oqe stage of the 
space shuttle. Although the large NERVA nuclear rocket has been 
cancelled, the technology already developed for this engine will be 
useful in developing smaller huclear rocket engines. Later, the exotic 
forms of propulsion, which eject forms of matter other than hot 
gases, such as ions and photons (light rays), are apt to be used 
in space vehicles. Breakthroughs in propulsion will make it pos- 
sible for larger space vehicles to travel to the planets. 

SPACECRAFT FOR PLANETARY EXPLORATION 

At the samejrime that the United States is working to develop 
a base in space near the earth, our scientists and engineers are 
also reaching out to explore the planets. Plans are being projected 
to gradually extend our probes beyond the J^wo neighboring planets, 
as well as to make more thorough probes of these two planets. 
Spacecraft being developed for the planetary probes to be made 
during the 1970s will use present rocket boosters plus additional 
stages or solid-fueled strap-on motors now in use. The space- 
craft will be developed from technology resulting from the earlier 
Mariner spacecraft that made planetary probes and from space- 
craft that were designed and built for making the probes of the 
moon that preceded the Apollo flights. With the new 210-foot 
antennas being built for the NASA Deep Space Network, the 
United States should be able to receive radio signals sent from * 
spacecraft traveling throughout the entire reaches of the solar^ys- 
tem. ^ 
Even with the basic technology laid out for them, engineers 
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will stDI face many kinds of challenges in developing and con- 
» stnicting spacecraft for the planetary probes scheduled during the 

1970s. In March 1972 tha. first of two Pioneer spacecraft was 
sent to the vicinity of the ^ant planet Jupiter. This spacecraft is 
♦ cx^CQted to begin its fly by of Jupiter in December 1973. A 
second Pioneer spacecraft is to be launched to Juif)iter in 1973. 

spacecraft must be sturdy enough to survive passage through 
the hazardous asteroid belt, which lies between the orbits of Mars^ 
and Jupiter, and they must be equipped to continue sending sig- 
nals back to the earth for about two ^^ears. It will take this long 
for the spacecraft to make the joumej^ of more 'than, a half bD- 
li6n miles to Jupiter and then swing around the planet to send 
information about the planet back to the earth. In 1973 a 
Mariner spacecraft will be equipped to swing around Venus and go 
inward to fly by Mercury, the planet closest to the sun. This 
spacecraft will carry a television camera with a special lens to 
enable it to take pictures of the surface of Venus through the 
thick cloud cover that hides the planet from, view. If the pictures 
are successful, they will give man his first views of Venus. 

A combined orbiter and soft-lander, the Viking spacecraft (Fig. 
100), is being developed for a journey to Mars in 1976. This space- 
craft is to be instrumented to give us more definite answers to oiiir* 
questions about the existende of life on Mars. 

Perhaps engineers will learn something about using a gravity 
assist from the Venus-Mertury probe. Such information should 
help in planning probes beyjond Jupiter to the outer planets. 

As you project your thinking into the future, you might ask: 
Will American astronauts visjit Mars or make flybys of Mars and 
the outer planets? Thomas Cf, Paine, who was NASA Administra- 
tor at the time of the first moon landing, in July 1969, said that 
the Apollo moon flights were but a prelude to interplanetary 
flight. Present goals for the US space program arc based upon 
an implied goal of making a manned landing on Mars -at some 
time in the future. After accepting the recommendations of his 
special Space Task Group in regard to present goals. President 
i Nixon said that the United States "will eventually send men to 
^ explore the plaifet Mars.'' But before we make preparations for 
interplanetary flight, we need to have a solid base of information 
about Mars and the other planets in the solar system and a better 
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Figure 100 VIKING SPACECRAFT The drawing shows how the combtned orbifer 
lander is to operate The lander portion will be parachuted through the atmosphere 
of Mar» The land»f ts expected to obtain data about possible^^WKg matter on Mars 
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understanding of man's ability to endure continued exposure to 
space. ^ 

The dreams of the first space scientists still persist, however, 
iliey are recorded in the words of Konstantin Tsiolkovsky, on 
a monument over ,his grave in tlie village of Kaluga: 

Man will not stay on the earth forever, but, in the pursuit of light and 
space, will first emerge timidly from the bounds of the atmosphere 
and then conquer all of the space about the sun. 

Almost half a century elapsecl between the. time that Tsiolkovsky 
wrote these words and the time that the first artificial satellites 
were orbited. You might decide for yourself whether or not you 
think itjs reasonable to expect that at least another half century 
w^ elapse befoFe men land on Mars. 

' No plans have^ as yet been projected for space vehicles that 
will ta& American astronauts to Mars. Space planners predict that 
these vehicles will be developed by powering modules much like 
those now being designed for the space station. Modules for inter- 
planetary flight are likely to look more like a house for living in 
space than like an aircraft cockpit or a space capsule. Any module 
being developed for making the journey to Mars will first be tested 
thoroughly in earth orbit. 

How soon the vehicles for interplanetary flight will be ready 
depends in part upon the way -in which 'the youth of today arc 
inspired by the vision of the early space scientists and by the 
work of the practical engineers who followed them. More than 
three and a half ceftturies ago Johannes Kepler wrote to Galileo, 
urging him to help in preparing maps for future space travelers. 
He explained; his tequest by saying: 

There will certainly be no lack of^uman pioneers when we 'have 
mastered the art of soaring l,et us create vessels and sails adjusted to 
the heavenly ether, and men will present themselves who are unafraid 
of the boundless voids In the meantime wc shall prepare, for the brave 
sky-travellers, maps of the celestial bodies. . . . 

We have developed spacecraft that can reach the mooh, and we 
have courageous astronauts who art^-^eager to venture farther into 
space. We have prepared detailed maps of the moon, and the 
task of mapping Mars is progressing. We are already well on our 
way toward interplanetary travel. 
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TERMS TO REMEMBER 

reusable space vehicles , nuclear propulsion 

experiments in life sciences * NASA Deep Space Network 

5pq(?e transportation system ^Mariner spacecraft 

space shuttle ^ Pioneer spacecraft 

space tug (orbit-to-orbit shuttle) Viking" spacecraft ' 

breakthroughs ' , ; \ * 

IDEAS TO remember' ^* . ^ . 

1. The United States is developing reusable space ve^iicles as pa^ft of a 
new space transportation system. One of the main reasons for develop- 
ing the new reusable space vehkles is to re$iuce the cost of space operja- 
tions. > « • f 

2. The space shuttle is to be the first vehicle in the new space transporta- 
tion system. It is being given first priority soMhat it whl be ready for 
servicing the first spa^e station. 

3. Some desigp studies have been made of a space tug. Other space* ve- 
hicles will be developed later. 

4. During the 1970s the US spacecraft sent to the planets will be <he 
txpendablf kind orbited by rocket boosters. Developing such spacecraft 
will still present great challenges to engineers because of the difficult. 

^tasks they must perform. 

5. The United States will eventually send men to Explore the planet Mars. 
Vehiclfes for interplanetary flights are likely to be* (leveloped from 
modules of a sp^e^ station. 

QUESTIONS 

.1. How U the presence of a space station hi earth orbit likely to* affect 
the development of futdre applications satellites? 

2. Why is a new space transportation system being developed? What is 
mea^t by reusable space vehicles? 

* • 

3. What is the space shuttle? How far have plans advanced for the shuttle? 
\ How is the shuttle. expected to operate? ^ 

4. What is the space tug? 

i 

5. What probcsJo^Jupher^a^^ What spacecraft is bchig used? 
I d^. Which planet is to be probed next? What spacecraft will be used? 

7. What new spacecraft will be used for the next probe of Mars? How 
will it operate? What kind of findings is it designed to make? 

8. Do you think astronauts will land on Mars within the present century? 
if you think such a landing is possible, describe the kind of spacecraft 
the astronauts might use. If you think such a landing is not possible, 
give reasons for your answer. 
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THINGS TO DO 

1 Make d specul report on the space shuttle If a design h<t5 been approved 
for development, secure a drawing of the design or prepare a model 
Explain how the shuttle will operate What kind of propulsion engines 
WiH be used? Will the shuttle have wings? When are the flight tests 
scheduled to begin? When will the shuttle be ready for use** For what 
kind of missions will the shuttle be used** 

2 Making use of the IdtcsJ designs pro'posed. prepare d report on the first 
permaneni space station. Emphasize ihe way in which it will affect the 
operation of spacecraft How will spacecraft Jock 4nd depart from the 
station'* Relate what you have learned about the first US experimental 
space station (the Skylab) to what vou know abbut the first permanent 
space station 

} Do some research dnd prepare d rcpon on the spacecraft to be used 
for one of the future planetary probes Describe how the spacecraft will 
operate ^nd the kind of measurements n will make Wh^t kind of questions 
is the spacecraft designed to answer** 

4 Use your imagination ^nd prepare d design for d more ddvdn^ed space- 
craft Apply what you have learned in this course Concentrate on one 
design, and prepare a model or drawing of it You might try to picture 
one of the following an advanced lunar module, an eanh-to-moon shuttle, 
a large nuclear shuttle, an advanced manned applications satellite, or d 
Mars lander for carrying six astronauts ^ 
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